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PREFACE TO THE THIRD EDITION. 

In revising the present edition, a few minor corrections and alterations 
have been made in matters of detail, and some additional foot-notes added. 
Beyond these I have not considered it necessary or advisable to make any 
material change in the scope or airangement of the book. 



H. J. H. F, 



January^ 1888. 



PREFACE TO THE FIRST EDITION. 

The principal object of the present work, while setting forth the 
usual methods of Qualitative Analysis in their most concise form, is to 
direct, and if possible to enforce, attention to the rationale of each 
operation performed, and the nature of each reaction which takes place. 

It is hoped that the system adopted will tend to some extent to 
check the prevailing tendency, common even among more advanced 
students, to regard Chemical Analysis as a mere routine of mechanical 
operations, and entirely to overlook its scientific aspect. 

It has been my endeavour in drawing up the Analytical Tables, 
with their Explanations, to render each one comprehensive, avoiding as 
far as possible the necessity of reference to remote sections or pages. 

The scheme of analysis recommended is in substance the same as 
that given- in the standard text-books, but considerable changes have 
been introduced in many important matters of detail, and in arrange- 
ment, such as experience has shewn to be advantageous. 



vi PREFACE TO THE FIRST EDITION. 

The reactions of some of the more important Organic Substances 
have been stated in a short form, to meet the requirements of commencing 
Medical Students. 

I am greatly indebted to my friend W. J. Sell, M.A., for his 
kindness in revising the proof-sheets, and in making some useful sug- 
gestions. 

H. J. H. F. 

April, 1883. 



PREFACE TO THE SECOND EDITION. 

But few alterations or additions have been made in the present 
edition of these Notes. They have been exhaustively tested in the hands 
of many hundreds of students of various classes, and have been found 
satisfactorily to fulfil the objects with which they were written. It has 
been suggested that the detection and reactions of the **rare" elements 
should be included; but such would be quite without the scope or in- 
tention of the work. It appears to me that in the so-called " common " 
elements we have ample material — ^if not too much — wherewith to set 
forth the principles of Qualitative Anjilysis on a scientific basis. 

Much has been written and said of late calling in question the 
utility of Qualitative AnalyBis as a method of scientific training. If the 
object be solely the identification of unknown substances, and the direc- 
tions for so doing consist merely of a sequence of bare recipes — like 
those in a cookery book — it is probable that it has but little value in 
this respect. But if, while keeping the analytical object ostensibly in 
view, the processes be employed as means of bringing the student face 
to face with, and fixing his attention on, various important types and 
characters of chemical change, Qualitative Analysis becomes a most useful 
aid in the scientific teaching of Chemistry. The operations are, for the 
most part, easily performed and successful even in the hands of a 
beginner. It is of course admitted that these desirable objects may be 
more directly attained by a series of specially devised experiments, but 
such are, as a rule, without the reach of the average teacher and student. 

January, 1886. 
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PRINCIPAL REACTIONS OF THE MORE 

COMMON METALS. 



SILVER. 

Solutions of silyer salts (0.^. AgNO,) give with 

Hydrochloric aeid^ white ppt. of silrer chloride soluble in NEL^, insoluble in HNO,, 

AgNO, + HCa = Aga + HNO,. 

This precipitate is turned violet on exposure to sunlight. 

Potcutium chromcUey crimson ppt. of silver chromate, soluble in HNO,^ 

2 AgNO, + K,CrO, = Ag,0rO^ + 2KN0,. 



Catutie poUuh^ brown ppt. of silver oxide Ag,0, soloble in NH^ and in acids. 

PofamiMi iodide, yellow ppt. of silyer iodide Agl, insoloUe in NH, and in dil. HKO|. 

Potoisium Cyanide^ white ppt. of silyer cyanide AgGy, solnble Id NH, and in excess of EGy, insoluble 
in dil. HNO,. 

Sodium photphate, yellow ppt. of silver phosphate Ag^04, soluble in NH, and in adds. 

HydronUphmrie aeid^ black ppt. of silver sulphide Ag,S, soluble in hot HNO, 



Heated on charcoal, before the blow-pipe, with Na^CO,, solid silver compounds give brilliant 
white metallic mass or globules. 



2 PRINCIPAL EEACTIONS OF 



LEAD. 

Solutions of lead salts, e,g, Pb(NO,),, give with 

Hydrochloric acidy white ppt. -of lead chloride, soluble in boiling water, insoluble in 
ammonia, 

Pb(NO,), + 2HC1 = PbCl, + 2HN0,. 

Hydrosvlphwric acidy black ppt. of lead sulphide*, 

Pb(NO,), + H,S = PbS + 2HN0,. 

This ppt. dissolves in hot dihUe HNO,, forming lead nitrate. Strong nitric acid converts it 
chiefly into white insoluble lead sulphate. 

Dilvie stUphuric acid, white ppt. of lead sulphate, soluble in strong solution of 
ammonium acetate, 

Pb(NO,), + H^O, ^ PbSO, + 2HNO3. 

Fotasnum ehromate, yellow ppt. of lead chromate, insoluble in acetic acid, soluble 
in KHO, 

Pb(NO,), + K,0rO, = PbCrO^ + 2KN0, . 



Potassium iodide, yellow ppt. of lead iodide Pbl^ 

Caustic potashf white ppt. of hydrated lead oxide 2PbO . H^O, soluble in excess. 

Avfrnxmia, white ppt of basic salt, insoluble in excess. 



Solid lead compounds heated on charcoal before the blow-pipe give yellow or orange incrus- 
tation, and, in the reducing flame, with Na^CO,, metallic beads which are malleable. 



* If much HCl is present the ppt. is often dark red and consists of PbS . PbClj. 



THE MORE COMMON METALS. 



MEBOUBT. 



General Reactions. 

Solutions of mercury compounds heated with metallic copper and dilute hydrochloric acid 
(free nitric acid must be absent) give a bright deposit of metallic mercury on the copper. 
On heating the two metals in a dry narrow test-tube, the mercury sublimes, forming a grey ring 
which may be united into globules by rubbing with a glass rod. 

ft 

Solid mercury compounds heated on charcoal volatilize entirely. Heated in a bulb-tube 
with dry Na^CO^ a ring of metallic mercury is obtained. 



Mercorous Salts. 

Solutions of mercurous salts, e.g. ^^J^O^^^ give with 
Hydrochloric acid, white ppt. of mercurous chloride, 

Hg,(NO,), + 2HC1 = Hg,Cl, -r 2HNO3. 

This ppt. is blackened by ammonia^ owing to the formation of dimercurous-ommoniiim 
chloride — ^/^|^ . 

Hg.Cl, + 2NH. = (NHg'^,)Cl + NH.CL 

Caustic potcuh, black ppt. of mercurous oxide, insoluble in NK,, 

Hg.(NO,). + 2KH0 = Hgfi + 2KN0. + H.O. 



Ammonia, black ppt. of a basic meroorooB salt. 

Potatsium iodide, greenish-yellow ppt. of meroaroas iodide Hgjlf. 

Hydroiulphuric cund, black ppt. of mercoroas salphide Hg^ (perhaps a mixture of HgS+Hg). 

Stamumt chloride, ferrous mlpJiate, or sulphuroiu acid, grey ppt. of metallic mercory. 

Potassium ckromaU, orange ppt. of basic merooronB cbroxnate Hg^OrO^ . Hg.O. 
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PRINCIPAL REACTIONS OP 



Mercuric Salts. 



Solutions of merouric salts {e,g, Hg^'Cl,) give with 

Hydrorndphv/nc ctcidy black ppt. of mercuric sulphide^ 

Hga, + H^ = HgS + 2HC1. 

This ppt. is insoluble in ammoninm sulphide and in dilute HNO,. Strong HNO, oonrerts 
it into a white mixture of 2HgS and Hg(NO,),. 

Cauetic potash, yellow ppt. of mercuric oxide, 

HgCl, + 2KH0 = HgO + 2KC1 + H.O. 



PoUuHum iodide, red ppt. of meroorio iodide Hgl,, soluble Id ezoees, forming the double iodide (Hgl, . 2E1). 

Ammoniat white ppt. of merourio-ammoninm ehloride (NHg^'H^Ol. 

Stannoui ehloride, first a white ppt. of merooroos ehloride, whieh is afterwards farther xednoed to metallie 
meroQxy, if snfiicient SnClj is present. 



COPPER. 

Cnprio Salts (usually green or blue). 
Solutions of ouprio salts (e,g. CuSOJ give with 

Hydrosulphwric aeidf black ppt of cupric sulphide, 

CuSO^ + H^ = CuS + H,SO^ . 

TUs ppt. is nearly insoluble in ammonium sulphide. Soluble in hot dilute HNO,, forming 
cupric nitrate Cu(NOj)g. Insoluble in dilute H,SO^. [The precipitation by H,S is prevented by 
the presence of potassium cyanide owing to the formation of a double cyanide Cu^Cy, . 2K0y.] 

Fotassiwn /erroeyanide, chocolate ppt of cupric ferrocyanide, 

2CuS0, + K,(FeCy,) = Cu,(FeCy.) + 2K,S0,. 

AmmanUif pale greenish-blue ppt of a basic cupric sulphate (such as CuSO^. 2Cu(0H),), 
readily soluble in excess of NH,, forming a dark blue solution. This solu- 
tion contains a compound having the composition (CuSO^ + iNH^ -f H,0) or 
{(N.H.Ou)0 + (NHJ.SOJ. 



Catutie potaeh, pale blue ppt. of ouprio hydroxide Cii(OH),, whioh turns black on boiling, GnO being formed. 

PotasHum iodide, dirty white ppt. of ouprota iodide Cnji^ tree iodine being liberated. 

PotOMtium cyanide^ brownish-yellow or olive-green ppt. of ouprio cyanide Oa"Oy^ which rapidly loses 
cyanogen, becoming (2Ca"Cy, . Cu\Gy,) or Gn'^Cy,. 

These (^anides dissolve in excess of ECy, forming doable cyanides GaCy, . 2SGy and Gn^Gy, . 8EGy 
respectively. 

Many reducing agente such as glucose, aldehyde, Stc, in presence of caustic potash, precipitate red cuprous 
oxide Qnfit on heating. 



THE MORE COMMON METALS. 



Cuprous Salts (usually white, and insoluble in water). 

Solutions of ouprous salts {e,g. Ou^Ol, dissolved in HCl) give with 

Caustie potash, yellow ppt. of cuprous hydroxide Ou,(OH),. 

Fotassium iodide^ white ppt. of cuprous iodide without separation of iodine, 

Cu.Cl, + 2K1 = Ou,l, + 2KCL 

WcUw gives a white ppt. of Cu^Cl^, this being soluble only in strong HCL 



Solid copper compounds heated with Na^CO, on charcoal before the blow-pipe give red 
globules or spangles of metallic copper. 

Borax bead, in oxidizing dame, green when hot, blue when cold. 



GADMinM. 

Solutions of cadmium salts (e,g. CdCl^ give with 

Hydrosuiphuric cLcid, bright yelJow ppt. of cadmium sulphide^ 

CdOl. + H,S = CdS + 2Ha. 

This ppt. is insoluble in ammonium sulphide and in potassium cyanide. Soluble in hot 
dilute HNO3 forming cadmium nitrate Cd(NOJ,. Soluble in dilute H^SO^. 

Caustic potash, white ppt. of cadmium hydroxide, insoluble in excess, 

CdCl, + 2K0H = Cd(OH), + 2KC1. 

Fotassium cyanide, white ppt of cadmium cyanide, 

Cda, + 2KCy = CdCy, + 2KC1. 

This ppt. dissolves in excess forming CdCy, . 2KCy from which solution H,S precipitates 
cadmium sulphida 



Amnumia givei tame ppt. as caustic potash (from a nijieiently strong sohUtcn) easily soluble in excess- 



Solid cadmium oompounds heated on charcoal in the reducing flame with Na^CO, give a 
brown incrustation. 



6 PRINCIPAL REACTIONS OF 

BISMUTH. 

Solutions of bismuth salts {e,g. Bi(NO,)J, give with 

Hydrosulphv/ric add^ blackish-brown ppt. of bismuth sulphide, 

2Bi(N0,), + 3H,S = Bi,S, + 6HN0,. 

This ppt. is insoluble in ammonium sulphide. Soluble in hot dilute HNO,, forming bismuth 
nitrate Bi(N03),. 

Ammonia^ white ppt. of bismuth hydroxide, 

Bi(N0j3 + 3NH, + 3H,0 = Bi(OH), + 3NH,N0,. 

This ppt. dissolves in HCl, forming bismuth chloride BiCl,. Much water added to the 
solution precipitates white bismuth oxy chloride Bi,0, . BiCl,, 

3BiCl, + 3H,0 = Bi,0, . BiCl, + 6HCL 
Bismuth oxychloride dissolves in hydrochloric but not in tartaric acid. 



Stannous chloride ■{■ caustic poteuh, blaok ppt. of biamuth dioxide Bi^O^. 

Potassium chromate, yellow ppt. of basic bismuth ohromate 8Bi20,.2Cr03, insoluble in £H0, soluble in 
dilute HNO,. 

Potassium iodide, brown ppt. of bismuth iodide Bil,, soluble in excess. 
Caustic potash, white ppt. of bismuth hydroxide Bi(OH)|. 



ARSENIC. 

Gtoneral Reactions. 

Compounds of arsenic in solution acidiiied with HCl (free HNO, should be absent) and 
introduced into a vessel in which hydrogen is being generated (e.g. by the action of 
Zn + dil. H^SOJ, give off arseniuretted hydrogen AsH,, which bums with a bluish- white flame. 
If a piece of cold porcelain be held in the flame, a black stain of metallic arsenic is deposited on it. 
This stain dissolves at once in sodium hypochlorite, [Marsh's test.] 

[AsH, is also slowly evolved if Zn and KOH (strong sol.) are used instead of Zn and 
H.SO,.] 

If arseniuretted hydrogen be passed into a solution of silver nitrate, it is decomposed as 
follows : 

AsH, + 6AgN0, + 3H,0 = 6 Ag + H,AsO, + 6HN0,. 

black ppt. 

On carefully neutralizing the clear liquid with ammonia (and adding a drop more AgNO,, if 
necessary), a yellow ppt. of silver arsenite is obtained (see below). 

Solid arsenic compounds heated on charcoal with Na^CO, (or KCy) in the reducing flame 
give a characteristic (poisonous) odour of garlic. 

Heated in a bulb-tube with Na^CO, and charcoal, a black ring of metallic arsenic is obtained. 
This ring when heated in a dry test-tube gives a crystalline sublimate of arsenic trioxide As,0,. 



THE MORE COMMON METALS. 7 

Arsenioos Componnds. 

Solutions of arsenious compounds^ {e,g. K^AsO,) give with 

Hydroaulpkuric acid in presence of dilate HOI, yellow ppt. of arsenious sulphide, 

2K,AsO, + 6HC1 + 3H,S = As.S, + 6K01 + 6H,0. 

This ppt dissolves in ammonium stUphidSy forming an ammonium sulpharsenite, e,g. 
(NH^),AsS, (or 3(KH^)^ . As^SJ ; and in ammaniiMn cwrbonaie giving a mixture of arsenite 
and sulpharsenite. From either of these solutions dilute acids reprecipitate As^S,, thus : 

2(NHJ,AsS, + 6HC1 = As^, + 6NH,C1 + 3H^ 
snlpharsenite 
and (NHJAsO + 3(NH,)AsS, + 4HC1 = 2As,S, + 4NH,C1 + 2H,0. 

arsenite sulpharsenite 

Silver nitrate^ yellow ppt. of silver arsenite, soluble in ammonia and in acids, 

K,As03 + 3 AgNO, = AfoAsO, + 3KN0,. 



Copper tufyhate, yellovrish-green ppt. of caprio hydrogen arsenite CaHAsO,, which, when heated with 
oaastic potash, gives red caproos oxide On^O. 

^ Magnetium iulphaUt in presence of NH4OI and NH,, no ppt. 

Metallic copper^ in presence of dilate HCl, steel-grey deposit of copper arsenide, which, when heated in 
an open tube, gives ciystalline nnblimate of hsfi^. 

Oxidizing <igents, such as nitric acid, sodiam hypochlorite, Ac, convert arBeniouf compounds into the 
arsentc form. 



Arsenic Componnds. 

Solutions of arsenic compounds (e.g. K,AsO^) give with 

Hydrosidphurie add, in presence of dilute HCl, on heating, at first, white ppt. of sulphur^ 

K,AsO, + 3HC1 + H,S = H, AsO, + 3KC1 + H,0 + S, 
and, after some time, yellow ppt. of As^S,, 

2H,AsO, + 3H,S = As^S, + 6H,0. 

[If first boiled with SO,, As.S, is at once precipitated (see below).] 

Silver nitrate f brick-red ppt. of silver arsenate, 

E:3AsO, + 3AgN0, = Ag^O, + 3KN0„ 
soluble in ammonia and in acids. 



Copper mlphaUy greenish-blue ppt. of cupric hydrogen arsenate CuHAsO^ (not rednced on heating with KHO). 
V Magnenum sulphate -\- ammonia, in presence of NH4GI, white crystalline ppt. of magnesium ammonium 
arsenate Mg(NHJAs04. 

Ammonitim molyhdaU, in presence of HNO3, yellow ppt. on heating. 
Ferric chloride y yellowish-white ppt. of ferric arsenate FeAs04. 
Calcium chloride, white ppt. of calcium arsenate Ca3(A80J,. 

Many reducing agents, such as SO,, convert arsem'c compounds into the arseniotM form 

Ab,Oo + 2S0, + 2H,0 = As,0, + 2H,S04 . 



8 PRINCIPAL REACTIONS OF 



ANTIMONT. 

General Reactions. 

Compounds of antimony in solution acidulated with HCl, and poured on to a piece of 
zinc in contact with platinum foil, give a black stain of metallic antimony on the pUitinuni, 

In Ma/rsh*8 apparatus they behave similarly to compounds of arsenic, but the black stain 
produced does not dissolve in sodium hypochlorite, [nor is SbH, evolved if Zn and KOH be 
employed]. 

Antimoniuretted hydrogen SbH^ passed into a solution of silver nUrate is decomposed 

nji follows * 

SbH, + 3AgN0, = SbAg + 3HN0,. 

black ppt. 

The Sb may be dissolved out of this ppt. with tartaric acid, and confirmed by HCl •(- H,S, as 
below. 

Solid antimony compounds heated on charcoal before the blow-pipe with Na.CO,, in the 
reducing flame, give brittle gprey metallic globules, and a white incrustation of Sb^O,. 



Antimonions Compounds. 

Solutions of antimonious compounds (0.^. SbCl,) give with 

Hydrosulphwric add (in presence of dilute HCl), orange ppt. of antimoniooB sulphide, 

2SbCl, + 3H,S = Sb,S, + 6HC1. 

This ppt. dissolves in ammonium sulphide^ forming an ammonium sulph-antimonite, e.g, 
(NH4),SbS„ from which it is reprecipitated by dilute acids ; and in strong boiling HCl, forming 
antimonious chloride SbCl,. It is almost insoluble in ammonium carbonate. 

Silver nitrate^ in presence of caustic potash, black ppt. of argentous oxide (7) which 
is inaolvhle in ammonia, 

SbCl, + 4 AgNO, + 8KH0 = Ag,0 (1) + KSbO, + 4KN0, + 3Ka + 4H,0. 



Water gives white ppt. of antimonious ozyohloride SbjO, . SbCl,, solable in tartarie acid and in HCl. 
HCl gives a similar ppt. from many antimonioas oompoands {e.g. tartar emetic) readily solable in excess. 

Catutic potash, white ppt. of antimonious oxide SbsOj, solable in excess, forming potassium antimonite 
KgO . Sb,0,. 

Ammonia gives same ppt. as EHO, nearly insoluble in excess. 
Potastium iodide -^RCl gives no iodine on heating. 



THE MORE COMMON METALS. '« 

Antimonic Componnds. 

Solutions of antimonic oompounds (e,g. KSbO, = K,0 . Sb,0 J give with 

UydroduLphuric acidf in presence of dilute HCl, orange ppt. consisting chiefly of 
antimonic sulphide, 

K,0 . Sb.O, + 2HC1 + 5H,S = Sb,S. + 2KC1 + 6H,0. 

This ppt dissolyes in ammonium siUphide, forming ammonium sulph-antimoniate (NHJ,SbS^, 
from which it is reprecipitated by dilute acids ; and in strong boiling HCl, forming antimoniotM 
chloride and free sulphur, 

Sb^, + 6HC1 = 2SbCl, + 3H^ + S,. 

Heated with poUuntim iodide and hydrochloric ocidf, iodine is set free : 

KSbO, + 6HC1 + 2KI = SbCl, + 3KC1 + 3H,0 + 1,. 

The precipitate produced by silver niircUe and eatutie potash is soluble in ammonia. 

These last two reactions distinguish antimonic from antimoniouf salts. 



TIN. 

General Reactions. 

If a small piece of zinc be added to a solution containing tin acidulated with dilute HCl, 
a grey deposit of metallic tin is obtained on the zina On dissolving this deposit (with 
the zinc, if necessary) in strong hot HCl, stannoiM chloride is obtained, which may be 
confirmed, as below, with mercuric chloride. 

Solid tin componnds heated on charcoal with Na^OO, and KCy in the reducing flame 
give malleable beads of metallic tin. Oxides of tin moistened with cobalt nitrate and 
heated in the oxidizing flame give a bluish-green mas& 



Stannous Salts. 

Solutions of stannous salts {e,g, SnCl,) give with 

Hydrosulphtmc acidy in presence of dilute HCl, dark brown ppt. of stannous sulphide, 

SnCl, + H,S = SnS + 2HC1. 

This ppt. dissolves in yeUovo ammonium sulphide*, forming ammonium sulphostannote 
(NH J,SnS,[= (NHJ,S . SnSJ from which dilute Ha precipitates dirty yellow stannic sulphide 
SnS,. Stannous sulphide is soluble in strong boiling HCl, forming stannous chloride. Insoluble 
in ammonia. 

* The yellow *' ammoninm sulphide " used in laboratories contains an excess of sulphur, being a mixture of 
polysnlphideB of ammoninm, ammonium thiosnlphate, Arc. 

F. 2 
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Stannous Salts {continued). 

I 

V 

' Mercuric chloricUy white ppt. of mercurous chloride, turning to grey metallic mercury 

if sufficient stannous salt is present^ especially on heating, 

SnCl, + 2HgCl, = Hg,Cl, + SnCl, 
SnCl, + Hg,Cl. = 2Hg + SnCl,. 



Aitrie chloride, purple ppt. of anrons stannoas stannate (parple of Cassias) An'^Sn'^CSnO,), (or perhaps 
Ao^+SSnO,). 

Cauttic potaaht white ppt. of hjdrated stannoos oxide Sn0.2H20, solable in excess, forming potassimn 
stannite K,SnO,(=E,O.SiiO). 

Ammonia, same ppt. as EHO, insoluble in excess. 

Stannous salts act as redaoing agents, becoming converted into the stannic form ; thus potassium ehromate or 
permanganate (in acidulated solution) are at once reduced, giTing a green chromium salt, and a colourless 
manganous salt respectively. Silver nitrate gives a black ppt. of metallic silver. Ferric and oupiio salts are 
reduced to the ferrous and cuprous state. 



Stannic Salts. 

Solutions of stannic salts (e.g, SnClJ give with 

Bydraaulphu/rie add^ in presence of dilute HCl, dirty yellow ppt. of stannic sulphide, 

SnCl, + 2H,S = SnS, + 4HC1. 

Tliis ppt. dissolves in amTnonium auLphide, forming ammonium sulphostannate (NHJ^SnS^, 
from which HCl reprecipitates SnS,. Soluble in strong boiling HOI, forming stannic chloride. 
Slightly soluble in ammoniwn carbonate. Soluble in ammonia. 

V 3fercuric chloride, no ppt. (Distinction from stannoiM salts.) 



Many neutral salts {e.g. Na,S04 <>' KNO,) give, in dilute solutions, on heating, white ppt. of metastannic acid 
H^UfOu • 4^30( = 5SnO, . 6H,0). • 

Caustic potash, white ppt. of hydrated stannic oxide BnO, . H,0, soluble in excess, forming potassium stannate 
E^nO,(=sE,O.SiiO,). 

Ammonia, a similar ppt. incompletely soluble in large excess. 

stannic salts may be reduced to the stannous form by metaUie copper or tin, or by reducing to metal by Mine 
and dissolving in strong HOL 
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IRON. 

Ferrons Salts. 

Solutions of ferrous salts {eg. FeSOJ give with 

Ammoma, dirty green ppt. (white, if pure) of ferrous hydroxide, 

FeSO, + 2NH, + 2H,0 = Fe(OH), 4. (NHJ.SO,. 

This precipitation is partly prevented by NH^CL The ppt. rapidly absorbs cxygen 
from the air, becoming reddish-brown hydrated Fe^O,. 

Potassium ferrieyanide^ dark blue ppt. of ferrous ferricyanide (1) " TumbuU's blue," 

3Fe"S0, + K.(Fe,Cy„)'* = Fe'',(Fe;Cy J'* + 3K,S0/. 

Potassium ferrocyanide, pale blue ppt. of ferrous potassium ferrocyanide (white, 
if quite pure), 

FeSO^ + K,(FeCy^ = FeK,(FeCy^ + K^O,. 

Nitric add, potassium permanganate^ potassium bichronuUe, and other oxidising agents, 
convert ferrotM into ferric compounds, 

6FeS0, + 2HN0, + 3H,S0, = 3Fe,(S0,), + 4H,0 + 2N0 
lOFeSO, + K.0 . 2MnO . O, + 8H,S0, = 5Fe,(S0J, + K.SO, + 2MnS0, + 8H,0 
6FeS0^ + K,0 . Cr.O, . O, + 7H,S0^ = 3Fe,(S0J, + Cr^(SOJ, + K.SO, + 7H,0 . 



Potoitium iulphocyanate, no oolouration with pure ferrous salts. 

Caustic potash, same result as ammonia. 

Ammonium sulphide, black ppt. of ferrous sulphide FeS. 



Ferrio Salts. 

SolatioDB of ferric salts {e,g, Ft^GlJ give with 

Ammonia, reddish-brown ppt. of hydrated ferrio oxide, 

Fe,Cl, + 6NH, -»- 5H,0 = Fe,0, . 2H,0 + 6NH,0L 

Potassium fsrrooyamde^ dark blue ppt of " Prussian blua" Usually represented t 

2Fe,01, + SK,(Feqy.) = Fe";(FeCy.)*\ + 12KCL 

Potassium sulphocyanate, blood-red colouration, due to ferric sulphocyanate, Fe,(CyS)0. 
^ Bleached by mercurio chloride. 

* Perhaps 2¥^0^-^K^{Fefijt^^'Pe''J^(^efijj;i + 2^0^. 

t But the ppt. always contains potaasinm. If excess of ferroojranide be employed, the reaction appears to be 
F^'tCnt+2K4(Fepy,)*'=K^e",(Fe,Cy„)'«+ 6K01. 

2—2 



X2 PRINCIPAL REACTIONS OF 

Ferric Salts {coiuinued). 

Sodium phospkcUe, yellowish-white ppt. of ferric phosphate, 

Fe.a. +2 Na.HPO, = 2FeP0, + 4NaCl + 2HCL 

This ppt. is soluble in HCl, but insoluble in acetic acid. If an acid phosphate be 
used, as above, the precipitation is incomplete unless the free acid be neutralized, or 
replaced by acetic acid. 

Potatiium ferricyanide, no ppt. (brown or green colouration). 

Ammonium tulpkidet black ppt. of ferrota sulphide, free sulphur separating. 

Caustic potatht same ppt. as ammonia. 

Reducing ctgenU such as H,S, SO,, SnCl,, Zn, (fee, convert ferric into ferroiM compounds. 



Compounds of iron heated in the borax bead, give, in the oxidizing flame, an orange 
yellow while hot^ pale yellow when cold. In reducing flame, bottle^een bead, especially 
with ferrous salts. 



GHBOMinM. 

Any chromium compound fused with Na^CO, on platinum foil in presence of air (or 
with addition of a little KNO,) gives a yellow mass of sodium chromate; e.g. 

Cr.O, + 2Na,C0, + O, = 2Na,CrO, + 2C0,. 

This may be dissolved in water acidified with acetic acid, and tested for chromate as below 
with lead acetate. 

Before the blow-pipe, chromium compounds give a green borax bead in both flames. 



Chromic Salts. 

Solutions of chromic salts (e.g. Cr,Cl,) give with 

Ammonia^ bluish-green ppt. of chromic hydroxide, 

Cr.a. + 6NH, + 6H,0 = Cr,(OH), + 6NHp. 

This ppt. is partly soluble in excess of ammonia, giving a pink solution, but is completely 
reprecipitated by boiling for some time. 

Caustic potash gives same result as ammonia, easily soluble in excess, forming a 
green solution. Reprecipitated by continued boiling. 



Many oMiting agenU, e.g. NaClO, PbOj, E^Mn^Os, (in presence of caustic potash), (Convert chromic salts into 
ohromates. 

Ammonium tulphidet bluish-green ppt. of chromic hydroxide Or,(OH)f , with evolution of H,S. 

Soditm photphaUt green ppt. of chromic phosphate GrP04, sparingly soluble in acetic add. 
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Chromates. 

Solutions of chromates (e,g. E^CrO^) give with 

Lead aceUUe^ yellow ppt. of lead chromate, insoluble in acetic acid, 

K,CrO, + (CH,CO,),Pb = PbCrO, + 2CH,C0,K. 

Hydro»idphv/ric addy in presence of HCl, gives a green solution of chromic chloride, and 
a white ppt. of sulphur, 

2K,CrO, + lOHCl + 3H,S = Cr,Cl. + 4KC1 + 8H,0 + 3S. 

Many other reducing agents, e.g, stannous chloride, sulphur dioxide, alcohol, ferrous salts, 
likewise give green solutions of chromic salts. 

*(K,0), . Cr,0, . O, + SSnCl, + 16HC1 = Or.Cl, + 3Sn01, + 4KC1 + 8H,0 
(K.O), . Cr.O. . O. + 3S0, + 2H,S0, = Cr,(S0j3 + 2K,S0, + 2H,0 
(K,0), . Cr.O, . O, + 3C.H.0H + 5H,S0, = Cr,(S0J, + 3CH,C0H + 2K,S0, + 8H,0 
(K,0), . Cr.O, . O, + 6FeS0, + SH^O, = Or,(SO,), + 3Fe,(S0,), + 2K,S0, + 8H,0. 



Peroxide of Hydrogen^ added to a dilate solation, aoidified with dilate H,S04 ^"^^ shaken ap with 
ether, gives a deep bine solation (due to perohromio aoid H,Gr,Og(?)) 

Silver fdtraiet eximson ppt. of silver chromate Ag^OrOf, soluble in dilate HNOg. 

Bcarium chloride, yellow ppt. of barinm ohromate, insoluble in aoetio aoid. 

Dry chromates, heated with oonoentrated HJ30^ and eodium chloride, give off red vapoon of ohzomyl 
chloride GrO,01,. 

Mereurout Nitrate, brick red ppt. of basic meronroas chromate 2Hg,0 .GrO|, which, on heating, gives off 
Hg and 0, leaving Or,0|. 



ALUMnmiM. 

Solutions of aluminium compounds, e.g. Al^SOJ,, give with 

Ammonictf white gelatinous ppt. of aluminium hydroxide (or basic salt), 

A1,(S0,), + 6NH, + 6H,0 = A1,(0H), + 3(NHJ,S0,. 

This ppt. is somewhat soluble in excess, unless NH^Cl is present^ and the solution boiled. 
CcmsUe potaehy same ppt as ammonia, easily soluble in excess, forming potassium 
aluminate, 3E[,0.A1,0, ; reprecipitated by amfnonium chloride, 
3K,0 . A1,0, + 6NH,C1 = Al.O, . 3H,0 + 6K01 + 6NH,. 



Ammonium sulphide, white ppt. of alaminium hydroxide Al,(OH)f (often disooloored). 
Sodium phoephate, white ppt. of alomininm phosphate AIPO4, insolnble in aoetio acid. 

Many solid aluminium compounds when heated on charcoal leave a white infusible mass, 
which, when moistened with cobalt nitrate and again heated, gives a sky-blue colour. 

* (K,0),.GrsO,.0,a2E:,Gr04. 
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ZING. 

Solutions of zinc salts {e,g, ZnSOJ give with 

Ammuynium sulphide^ white ppt of zinc sulphide (often discoloured), 

ZnSO, + (NH,),S - ZnS + (NHJ.SO,. 

Soluble in dilute HCl, forming zinc chloride ZnCl,. Insoluble in acetic acid. 
(Distinction from Mn.) 

CcmMc potcuhj white ppt. of zinc hydroxide, 

ZnSO, + 2KH0 = Zn(OH), + K,SO^, 

easily soluble in excess of cold caustic potash, forming potassium zincate K,0 . ZnO, 
from which H,S precipitates white zinc sulphide ZnS. On boiling the solution of 
KfO.ZnO, Zn(OH), is reprecipitated, especially if dilute. 



Ammonia, same ppt. as oanatio potash, soluble in excess, and in ammonimn dhloride. 

Hydrosulphurio acid, white ppt. of ZnS in alkaline solution, or one oontaining only €iceHe add. No 
ppt. in presence of sufficient free HGl, H^SO^, or HNO,. 

Potasntan ferrocyanide, white ppt. of zino fexrocyanide, insoluble in dilute HGl. 

PotoMtttm ferrieyanide, orange ppt. soluble in HCl. 



Solid zinc compounds heated on charcoal before the blow-pipe with Na,00, give a residue 
which is yellow while hot, white when cold. This residue, when moistened with cobalt nitrate 
and again heated, gives a bright green mass. 



IIIANGANESE. 

General Reactions. 

Any compound of manganese when fused in platinum foil with Na^CO, in presence of air 
(or with addition of a little KNO,) give a blue-green mass of sodium manganate, e.g. 

MnSO, + 2Na,C03 + O, = Na.MnO^ + Na.SO, + 2C0,. 

All compounds of manganese after boiling with HCl, give the reactions of manganate salts. 

Traces of manganese compounds (in absence of CI and Br) when boiled with nitric acid 
and peroxide of lead, give a pink colour, due to permanganic acid H,Mn,0,. 

In the borax bead manganese compounds give a violet colour in the oxidizing flame» 
colourless in reducing flame. 
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ManganoTu Salts. 

Solutions of manganous salts {e,g. MnOl,) give with 

Ammomum ndphide, buff or pinkish ppt. of manganous sulphide, 

MnCl, + (NH,),S = MnS + 2NHp. 

This ppt. dissolves in dilute HCl, forming manganous chloride MnCl,. Soluble also in 
acetic acid. Not precipitated in presence of large excess of ammonia. 

CatMtic potcuh^ white pptb of manganous hydroxide, insoluble in excess, 

Mna, + 2KH0 = Mn(OH), + 2KCL 

This ppt. rapidly absorbs oxygen from the air, forming brown hydrated sesquioxide 
Mn,0. . H,0. 

Ammonia, same ppt as caustic potash. No ppt., however, in presence of ammonium 
chloride, which forms the soluble double chloride MnOl^ . 2NH^CL This solution 
readily absorbs oxygen from the air, brown Mn^ O, . H,0 being precipitated. 



Sodivm hypochlorite, dark brown ppt. of hjdrated manganese dioxide MnO^ . H,0. 

Hydrosulphtuic aeid gives no ppt. in presenoe of a free aoid, even acetio. In alkaline solution MnS is 
precipitated. 



Hangaxiic Salts. 

These are very unstable, and usually decompose when dissolved in water. They form red 
or violet solutions in acids. 

Heated with Hydrochloric acid they evolve chlorine, e,g. 

Mn,(SO,), + 2HC1 = 2MnS0, + H,SO, + CI,. 

Ccmatic potash gives a dark brown ppt. of hydrated manganese sesquioxide, 

Mn,(SOJ, + 6KH0 = Mn,0, . H,0 + 3K,S0, + 2H,0. 



i 
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Manganatee and Pennanganates. 

Solutions of manganates {e.g. K^MnO^ = K,0 . MnO,) are green ; those of permanganates 
(e.g, K,Mn,0, = K,O.Mn,Oy) rose or purple. 

Manganates in solution are very unstable, except in presence of free alkali. In neutral 
solution they decompose as follows: 

3VK,0 . MnO.) + 3H,0 = K,0 . Mn,0, + MnO, . H,0 + 4KH0. 
green solution pink solatioD brown ppt. 

Chlorine converts manganates into permanganates, 

2K,MnO, + CI, = K.Mn,0,+ 2KC1. 

Permanganates boiled with alkalis, become manganates, oxygen being evolved, 

2K^n,0, + 4KH0 = 4K,MnO, + 2H,0 + O,. 

Permanganates (or manganates) when heated with strong sulphuric add evolve oxygen, 
2(K,0 . 2MnO . O J + 6H,S0, = 2K,S0^ + 4MnS0, + 6H,0 + 50, ; 
and with strong hydrochloric add evolve chlorine, 

E;0 . 2MnO . O, + 16HC1 = 2Ka + 2MnCl, + 8H,0 + 6C1,. 

In presence of free acid, they convert — 

Ferrous salts into ferric salts, 

10Fe"SO, + 5H,S0, + 50 = 5Fe'",(S0J, + 5H,0. 

Stannous salts into stannic salts, 

5SnCl,+ 5Cl,= 5SnCl,. 

Oxalic add into carbon dioxide and water, 

« 

Nitrous acid into nitric acid, 

5HN0, + 60 = 5HN0,. 

Sulphurous add into sulphuric acid, 

5H^O, + 50-6H.SO,. 
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NICKEL. 

Solations of nickel salts {e,g, NiSOJ give with 

Avnmoniwn tulphide, black ppt., 

NiSO, + (NHJ,S - NiS + (NH,),SO,. 

This ppt is nearly insoluble in dilute HCl. Soluble in aqua regia, forming nickel chloride 
NiCl,. Somewhat soluble in excess of ammonium sulphide (especially yellow), forming a dark- 
coloured solution. [It may be reprecipitated from this solution by adding ammonium acetate 
and boDing, or by acidifying with acetic acid.] 

Caustic poUuh, pale green ppt. of nickelous hydroxide, insoluble in excess, soluble in 
ammonium salts, 

NiSO, + 2KH0 = Ni(OH), ■»- K^O^. 

Fotassium cyanide (pure), greenish-yellow ppt. of nickelous cyanide, 

NiSO^+ 2KCy = NiCy, + K,SO,. 

This ppt. redissolves easily in excess of potassium cyanide, forming a double cyanide 
NiCy,. 2KCy, which is not altered by boiling with excess of KCy in presence of air. 

This double cyanide gives a pale green ppt with mercuric oxycyanide*, and a black ppt. 
with sodium hypochlorite on gently warming, thus 

NiCy, + HgO . HgCy, + H,0 = yi(OH)^ + 2HgCy, 

greenish ppt. 
2NiCy. + NaClO + 6H,0 - Ni,(OH)^ + NaCl + 4HCy. 

Hack ppt. 



Potauium nitrite^ in presence of acetic acid no ppt. 

Ammonia^ greenish ppt. of nickelous hydroxide, soluble in excess, forming a blae solution. Soluble 
in ammonium salts. 

Mydrotulpkuric add, no ppt. in presence of free HGl. 

Potassium ferricyanide^ yellowish-brown ppt. of nickel ferricyanide, soluble in ammonia. 



Nickel compounds give, in the borax bead, a brownish-violet colour in the oxidizing flame, 
often grey in the reducing flame. 

* Prepared by boiling mercuric oxide (fi^hly pptd.) with solution of mercuric cyanide and filtering. 
F. 3 
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COBALT. 

Solutions of cobaltoQS salts, e.g. Co(^0^,, give with 

Afnmoniwn stUphidej black ppt. of cobalt sulphide, 

Co(NO,), + (NH,),S = CoS + 2NH^N0,. 

This ppt. is almost insoluble in dilute HCL Soluble in aqua regia, forming oobaltous 
chloride CoCl,. 

Caustic potash^ blue ppt. of basic salt, insoluble in excess, becoming green or grey on 
exposure to the air, owing to formation of sesquioxide. The blue ppt. turns to 
red cobaltous hydroxide Co(OH), on heating. 

Potassium cyanide (pure), brown ppt. of cobaltous cyanide, 

Co(NO,), + 2KCy = CoCy, + 2KNO3. 

This ppt. redissolves easily in excess of potassium cyanide, forming a double cyanide 
CoCy,.2KCy*. This solution, if boiled (with slight excess of KCy) in presence of air, is 
converted into potassium cobalticyanidef, 

2 (CoCy,2KCy) -^ 4KCy + H,0 + O = K.Co.Cy,, + 2KH0. 

This compound is not precipitated by sodium hypochlorite (at gentle heat), or by mercuric 
oxy cyanide. 



Potaisium nitrite (concentrated solation) in presence of acetic acid, yellow crystalline ppt. after a time, 
probably KflCojCNOjJu.SHjO. 

Ammonia in small quantity gives same result as caustic potash. More ammonia dissolves it, forming a 
brownish-red liquid which absorbs oxygen from the air becoming red. 

Potastium ferriqfanide, reddish-brown ppt of cobalt ferricyanide, insoluble in ammonia. 

Potatiium svlphocyanate in strong solutions, blue colour, soluble in ether. 



Cobalt compounds give in the borax bead a blue colour in both flames. 



* Derived from 4HCy by replacement of H4 by Ck)'' and E',. 
f Derived from HcCogCy^ by replacement of H^ by E,. 
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BARIUM. 

Solutions of barium salts (e.g. BaOl,) give with 

Ammonium carbonate^ white ppt. of barium carbonatei 

BaCl, + (N H J.OO. = BaCO. + 2NH^01, 
soluble in dilute Hd or HNO,. 

Calcium sulphcUe^ immediate white ppt. of barium sulphate, 

Bad, + OaSO, = BaSO^ + CaOl,. 

ffydrqfluosHicic ctdd, colourless crystalline ppt. of barium silicofluoride^ 

BaCl, + H,SiF, = BaSiF, + 2HC1, 
somewhat soluble in dilute acids, unless alcohol be added. 

Potassium chromate, yellow ppt. of barium chromate, even in dilute solutions, 

BaCl, + K,CrO, = BaCrO, + 2KC1, 
nearly insoluble in <icetic acid. Soluble in HCl. 

Barium salts are precipitated from their solutions by strong HCl or HNO,. Barium 
chloride ia insoluble in alcohoL 



DUute tulphuric acid, or any soluble sulphate, white ppt. of banmn sulphate BaS04. 

Sodium phosphate^ white ppt. of barium phosphate, soluble in dil. HGl, HNO,, and acetic add. 

Ammonium oxalate, white ppt. of barium oxalate Ba(G02)2> soluble in HOI, Tery sparingly soluble in acetic add. 



Barium compounds moistened with HCl, and held in the edge of a Bunsen flame on 
platinum wire, give an apple-green colour. 



3—2 
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CALOIUH 

Solutions of calcium salts («.^. CaCl,) give with 

Ammonium carbonate, white ppt. of calcium carbonate, 

CaCl, + (NHJ.CO, = CaCO, + 2NH,C1 

Calcium sulphai^ no ppt. 

HydrofluosUicic acid, no ppt. 

Potcusium chromcUe, no ppt 

Ammonium oxalate, white ppt. of calcium oxalate, even in very dilute solutions, 

This ppt. is insoluble in acetic acid; soluble in dilute HCl or HNO,. 
Calcium chloride and calcium nitrate are both soluble in- absolute alcohol. 



SuJphurie acid or 9olvhle nUphatei, white ppt. of calciam solphate in strong solntions only. Readily 
soluble in strong (ammoniaoal) solution of ammonium tulphaU. 

Sodium phoiphate, white ppt. of oalcimn phosphate, soluble in HCl, HNO,, and acetic acid. 



Calcium compounds examined by the flame test give an orange-red colour. 



STRONTIUM. 

Solutions of strontium salts, e.g, Sr(NOJ,, give with 

Ammonium carbonate, white ppt. of strontium carbonate, 

Sr(NO,), + (NHJ.CO, = SrCO, + 2NH,N0,. 

Calcium sulphate, white ppt. of strontium sidphate after a time, or on heating, 

Sr(NO,), + CaSO, = SrSO, + CeJl^'^OX- 
Hydrofluoeilicic acid, no ppt. 
Potaeeium chromate, no ppt in dilute solutions. 
Strontium chloride is soluble in absolute alcohol; strontium nitrate insoluble. 



JHbtU gulphurie acid or soluble mlphatei, white ppt. of strontium sulphate insoluble in strong solution 
of a$nmonium su^hate (ammoniaoal). 

Ammcnium oxalate, white ppt of strontium oxalate Sr(CO,),, sparingly soluble in acetic acid, soluble in HCL 

Sodium phoephate, white ppt of strontium phosphate, soluble in HCl, HNO,, and acetic acid. 



Strontium compounds examined by the flame test give a characteristic crimson colour. 
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MAGNESIUM. 

Solutions of magnesium salts (e,g. MgSO^) give with 

Sodium p^ioaphcUey in presence of ammonia (and ammonium chloride), white ppt. of 
magnesium ammonium phosphate, 

MgSO, + Na,HPO, + NH, = MgNH^PO, + Na.SO,. 

This ppt. is crystalline from dilute solutions. 

Amnumia, white ppt. of magnesium hydroxide, (in part) 

MgSO, + 2NH, + 2H,0 = Mg(OH), + (NHJ,SO„ 

but no ppt. in presence of sufficient ammonium chloride, since the soluble double 
chloride MgCl,.2NH^Cl formed is not decomposed by ammonia. 

Ammonium carboncUe^ white ppt. of magnesium carbonate, but no ppt. in presence of 
sufficient ammonium chloride. 



Barium hydroxide, in abaenoe of ammoniam salts, white ppt of magnesiam hydroxide Mg(0H)3. 
CatutHc pota9h, same ppt. 

Some magnesium compounds {e.ff. oxide, sulphate, carbonate) heated on charcoal, moistened 
with cobalt nitrate, and again heated, give a pale rose colour. 



AMMONIUH 

Ammonium compounds (e,g, NH^Cl), when boiled with caustic potash, evolve ammonia, 

NHp + KHO = KCl + H,0 + NH,. 

The ammonia may be recognized by its odour, and action on red litmus. 

Solutions of ammonium salts give with 

Platinic chloride (in presence of HCl if necessary), yellow ppt. of ammonium platinic 

chloride, 

2NH,C1 + PtCl, = (NH^);PtCl.. 

This precipitation is more complete in presence of alcohol. 

Neulen^B solution (potassium mercuric iodide with excess of caustic potash) gives, even 
in very dilute solutions, a brown or yellow colouration (or precipitate in stronger 
solutions) due to dimercuric-ammonium iodide, 

NH^Cl + 2(HgI, . 2K1) + 4KH0 = NHg",I . H,0 + 7KI + KCl + 3H,0. 



Tartarie add, white erystalliiie ppt. on shakinff (in strong solations) of ammoniam hydrogen tartrate 

{COONH4 
CHOH 
OHOH 
COOH 



Ammonium compounds heated before the blow-pipe volatilize entirely or in part. 
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FOTASSTOM. 

Solutions of potassium salts {e.g, KOI), \f not too dilute, give with 

Flatmic chloride (in presence of HGl if necessary), yellow crystalline ppt. of potassium 
platinic chloride, especially on stirring, 

2K01 + Pt01^ = K,PtCl,. 
Tartaric add, white crystalline ppt. on shaking, of potassium hydrogen tartrate, 



KC1 + 



COOH 
CHOH 
CHOH ^ 

LCOOH 



COOK 

CHOH 
COOH 



BydrofluoHlicic acid, white gelatinoas ppt. of potassium silicoflaoride E^SiF^. 

Picric acid (in strong solutions), yellow crystalline ppt. of potassium picrate C0H2(NO2), . OE. 



All of the above reactions of potassium are more complete in the presence of alcohol. 
Potassium salts examined by the flame reaction, give a violet colour. 

* 

SODIUM. 

Solutions of sodium compounds give no characteristic reaction with any of the common 
reagents, nearly all sodium salts being soluble. 

Dioxytartaric acid, when neutralized with ammonia, gives a white precipitate of sodium 
dioxytartrate Na,C^H^Og . 2 JH,0. A few crystals of the acid should be dissolved in a drop 
or two of water on a watch-glass, mixed with the solution to be tested, and ammonia added 
till neutral or alkaline. The precipitate appears in lines on stirring. 

Potassium metantimoniate gives in neutral solutions a white ppt. of acid sodium metanti- 
moniate, Na.O . H,0 . Sb.O, . 6H,0. 

This test is not often used. Ammonium, calcium, <&c., give a similar reaction. 

Sodium compounds, heated on platinum wire in a Bunsen flame, give a strong yellow 
colouration. 



PEINCIPAL KEACTIONS OF THE MORE 

COMMON ACID RADICLES. 



SULPHATES. 

Heated with strong H^SO^, no result. 

Solutions of sulphates {e.g, K,SOJ give with 

Bariwm chloride^ white ppt. of barium sulphate, insoluble in HCl or HNO,, 

K,SO^ + Bad, = BaSO^ + 2KC1. 

Strontium chloride (or nitrate), white ppt. of strontium sulphate, SrSO^ (slowly in& 
dilute solutions). 



> Calcium chloride, white ppt. of oalcimn sulphate OaS04, in strong solutions only; soluble in much water. 
Lead acetate, white ppt. of lead sulphate PbS04, soluble in ammonium acetate. 



Dry sulphates (like all sulphur compounds), when heated with sodium carbonate and charcoal 
in the reducing flame, give sodium sulphide, which when placed on a silver coin and moistened', 
with water, gives a black stain of silver sulphide Ag,S. 
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SULPHITES. 

{E,g, Na^SO,.) Heated with HCl, sulphur dioxide is evolved, 

Na,SO, + 2HC1 = 2NaCl + H,0 + SO,. 

The evolved gas may be recognized by its odour, and action on K^Cr.O^. 

K,Cr,0, + H,SO, + 3S0, = K,SO, + Cr,(SO,), + H,0. 
(orange) (green) 

Treated with HCl and metallic zinc, hydrosulphuric acid is evolved (detected by lead 
acetate, &c.), 

Zn + 2HCl = ZnCl, + H, 

and SO, + 3H, = 2H,0 + H,S. 

Solutions of sulphites give with 

Barium ddoride^ white ppt. of barium sulphite, 

Na,SO, + BaCl, = BaSO, + 2NaCl, 

easily soluble in dilute HCl ; from this solution oxidizing agents, eg, chlorine water, 
precipitate white barium sulphate, insoluble in HCl, 

BaSO, + H,0 + 01, = BaSO, + 2HC1. 

Silver nitrate, white ppt. of silver sulphite, Ag,SO,, soluble in dilute HNO,. This 
ppt. darkens when heated, metallic silver and sulphuric acid being formed, 

Ag,SO, + H,0 = 2 Ag + H,SO,. 

Free iodine is decolourized, thus: 

Na^SO, + H,0 + T, = Na^SO, + 2HL 



TmOSULPHATES. 

Formerly called Hyposulphites. 

(^.^. Na,S,0,.) Treated with HCl, sulphur dioxide is evolved, and yellow sulphur separates, 
especially on heating, 

Na,S,0, + 2HC1 - 2Naa + H,0 + SO, + S. 

Treated with metallic zinc in excess and HCl, H,S is evolved as with sulphites, especially on 
heating. 
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ThiOflUlphates {continued), 

Solntions of thiosulphates give with 

LecKi acetate^ white ppt. of lead thiosulphate, 

Na,S,0, + (CH,CO,).Pb = PbS.O, + 2CH3COONA. 

This ppt. on heating blackens, owing to formation of lead sulphide, 

PbS.O, + H,0 = PbS + H,SO,. 

Silver and mercuraua salts behave similarly. 

Free iodine is at once decolourized, 

2Na^,0, + 1, = Na,S,0. + 2NaI. 

Ferric chloride, transient violet colouration (afterwards reduced to ferrous chloride). 



SULPHIDES. 

Heated alone in a current of air (e,g. in an open tube) sulphur dioxide is evolved. 

Treated with HCl, many sulphides evolve hydrosulphuric acid. [Some require boiling 
with strong acid; others {e.g, FeS,) are not decomposed unless zinc be added.] 

FeS + 2HC1 = FeCl, + H,S. 

The evolved gas is recognized by its odour, action on lead acetate, &c. 

Soluble sulphides, e.g, (NH^),S, give with 

Lead acetate, black ppt. of lead sulphide, 

(NH J,S + (CH,CO,).Pb = PbS + 2CH,C00(NH J. 

Sodium nitroprusside, Na^Fe,(NO)^Cy,o, gives a fine purple colouration, probably due 
to a double salt of the sulphide and nitroprussida Free H,S does not give the 
reaction. 

Metallic silver is stained black owing to formation of silver sulpldde Ag,S. 
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SnJGOFLUOBIDES. 

(E.g, K^SiF,) when heated in a platinum vessel with strong H^SO^, evolve silicon 
tetrafluoride and hydrofluoric acid gases, 

K,SiF. + H,SO, = K,SO, + SiF, + 2HF. 

SiF^ deposits white hydrated silica on a wet rod, and HF will etch glass. [See 
Fluorides.] 

Solutions of silicofluorides, or hydrofluosilicio acid, give with 

Barium ehloridey colourless crystalline ppt. of barium silicofluorides 

H,SiF, + BaCl, = BaSiF. + 2HC1. 

This ppt. is nearly insoluble in dilute HCl. 

tStirofUiwn chloride^ no ppt. 

Fotassium c/doride, gelatinous ppt. of potassium silicofluoride^ 

H.SiF. + 2KC1 = K,SiF, + 2HCL 



FLUOBIDEa. 

(E.ff. CaFJ Heated in a platinum vessel with concentrated H^SO^ evolve hydrofluoric 
acid, 

CaF, + H^O^ = CaSO^ + 2HF. 

The evolved gas vdU corrode glass, owing to its action on siHcai 

SiO, + 4HF = SiF^ + 2H,0. 

Heated with concentrated H^SO^ in presence of silica or silicates, e,g. in a test-tube, 
silicon tetrafluoride is evolved : 

2CaF, + 2H,S0^ + SiO, = 2CaS0, -r 2H,0 + SiF^. 

A wet rod held in this gas becomes coated with hydrated silica, 

3SiF, + 4H,0 « SiO, . 2H,0 + 2H,SiF^ 

white deposit 

Solutions of fluorides (e,g. NaF) give with 

Calcium chloride^ white gelatinous ppt. of calcium fluoride, 

2NaF + CaCl, = CaF, + 2NaCL 

Sparingly soluble in HCl; nearly insoluble in acetic acid. 



Barium dUoride, white ppt. of bariam fluoride BaF,. 
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OXALATES. 

[Kg, \f^f^r>.Tr •) Heated with strong H^SO^, carbon monoxide and carbon dioxide are 
evolved, 

{cook + ^'^' = ^^^« + CO + CO. + H.O. 

The CO will bum with a blue flame, and the CO, may be detected by lime water. 
(See Carbonates.) 

Treated with H,SO^ and manganese dioxide, carbon dioxide alone is evolved, 

{cook "^ ^^^« ■*■ ^^^^^* = ^^^* "*■ ^^^^4 •*• ^^fi •*■ 2^^«- 

Solutions of oxalates give with 

Calcium eUoride^ white ppt. of calcium oxalate, 

(COOK ^ ^ (COO ^ «^^, 
{C00K*^^'={C00^**2KC1. 

soluble in HCl, but insoluble in ticetio acid. This ppt. is produced even in very 
dilute solutions. 



Barium chloride and StnmHum chloride^ white ppts. of barium oxAlAte (C02)sBa and strontiam oxalato 
(C0,)2Sr respectively. 



Siher nitrcUet white ppt. of silver oxalate )n/)/\Vf t soluble in dilute HKO|. 



PHOSPHATES. 

OrthophoBphates. 

Heated with strong H,SO^, no result. 

Solutions of orthophosphates (e.g. Na.HFO^ give with 

Calcium chloride^ white ppt. of calcium hydrogen phosphatA, 

Na,HPO, + CaCl. - CaHPO^ + 2NaCl, 

soluble in HCl, HNO,, and acetic acid. 

[If ammonia is added, Ca,(PO^), is precipitated instead of CaHP04.] 
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Orthophosphates {continued). 

Ferric cldoride, yellowish-white ppt. of ferric phosphate, 

2Na,HP0, + Fe.Cl, = 2 Fe(POJ + 4Na01 + 2HC1, 

soluble in HCl or HNO,, insoluble in acetic acid. [This precipitation, in case of 
acid phosphates as above, is therefore incomplete, unless the HCl be neutralized 
or replaced by acetic acid.] 

Magneevu/m siUphate, in presence of ammonia and ammonium chloride (the latter, to 
prevent precipitation of Mg(OH), by the ammonia), white ppt. (crystalline in 
dilute solutions or on standing) of magnesium ammonium phosphate^ 

Na,HPO, + MgSO, + NH, = Mg(NH,)PO, + Na,SO,. 

tSUver ni^atCy yellow ppt. of silver phosphate, 

Na^HPO, + 3AgN0, = Ag3P0, + 2NaN03 + HNO,, 

soluble in acids and in ammonia. [The above precipitation is therefore incomplete 
unless the free HNO, be neutralized.] . 

Amm4>nium molt/bdate, (NHJ,MoO^ in presence of strong HNO,, on heating, canary 
yellow ppt. of ammonium phosphomolybdate. [Composition uncertain, approximately 

2(NH J,PO, . 22MoO, . 1 2H,0.] 

The (NHJ^MoO^ must be added considerably in excess of the phosphate taken. 



Free orihophoBphoric aoid does not coagulate albumin. 

Bariam, strontium, lead, alnminium, bismuth, iftc. salts give white ppta. of their respective normal or 
acid phosphates. 

I , ... 

MetaphoBphates. 

Solutions of metaphosphates (e.g. NaPO,) give with 

Silver nitrcUe, white ppt. of silver metaphosphate AgPO^ 
Ma^neaittm sulphate, in presence of NH, and NH^Cl, no ppt. 

The free acid (or a metaphosphate + acetic acid) coagulates albumin. 



Fyrophoaphates. 

Bolutions of pyrophosphates (e.g. Na^P^O^) give with 

Silver ni^ate, white ppt. of silver pyrophosphate Ag^P^Oy. 
Magnesitbm eulphcUe, white ppt. of magnesium pyrophosphate Mg^P^O^, soluble in excess. 
The free acid does not coagulate albumin. 

Boiled with water, in presence of acids, both meta- and pyro-phosphates are converted 
Into orthophosphates. 
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AB8ENATE& 

Solutions of arsenates (e.g. K,AsOJ give the same reactions as phosphates with Ferric 
chloride, Magnesium sulphate, and Ammonium molybdate. Silver nitrate however gives, in 
neutral solution, a brick-red ppt. instead of yellow. 

Arsenates are also distinguished (and separated) from phosphates by hydrosvlphuric add 
in presence of HCl, which gives first a white ppt. of sulphur, and afterwards a yellow ppt. 
of arsenious sulphide, on heating. [See Arsenic] 



BORATES. 

{Kg. Na^B^O^) Mixed with strong H^SO^ and alcohol, the latter on being kindled 
bums with a gi*een-edged flame. 

Solutions of borates acidified with dilute HCl, colour turmeric paper orange or brown 
(in dilute solutions only on drying). This colour is changed to green or blackish by 
treatment with KHO. 

Solutions of borates give with calcium chloride, barium chloride, or silver nitrate, white 
ppts. (such as 2CaO . H^O . 3B,0,, B&BO, , AgBO, , but variable in composition according to 
relative proportions used, temperature, &c,), readily soluble in dilute acids. 

Strong Hydrochloric acid gives white crystalline ppt. of boric acid, in concentrated 
solutions, 

Na.0 . 2B,0, + 2HC1 + 5H,0 = 2(B,0, . 3H,0) + 2NaCL 



SnJGATES. 

Insoluble in water, except those of K and Na. 

Silica, or insoluble silicates, when fused with excess of K,CO^ or Na^OO, in a platinum 
vessel, give silicates which are soluble in water, e.g, 

SiO, + K,CO, = SiO, . K,0 + CO^ 

These, when dissolved in water and poured into an excess of HCl, give a solution 
containing siUcio acid, 

SiO,K,0 + 2HC1 + H,0 = SiO, . 2H,0 + 2K01. 

A solution of silicic acid, or a solution of any soluble silicate in HCl, when evaporated 
to dryness, leaves a residue of SiO,, which ia insoluble in all acids except HF. 

Silica or silicates treated with a fluoride {e.g, NH^F, or CaF,) and concentrated H,SO^ 
give off gaseous silicon tetrafluoride, 

SiO, + 2H,S0, + 4NH,F = 2(NH,),S0, + SiF, + 2H,0. 

Solutions of silicates {e.g. K,Si(\) give white ppt. with calcium chloride, barium chloride, 
or silver nitrate, of variable composition; easily decomposed by acids. 
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CARBONATES. 

{E.g, Na^CO,) Treated with acids (either dilute or strong) CO, is evolved, 

Na.OO, + 2HC1 = 2NaCl + H,0 + CO.. 

This gas, when passed into lime water, gives white ppt^ of calcium carbonate, 

CO, + Ca(HO), = CaCO, + H,0. 

Excess of CO, redissolves the ppt. 

CaCO, + H,0 + C0,= CaH,(CO,)^ 

Solutions of carbonates give with 

Calcium eJdoride, white ppt of calcium carbonate, 

Na,CO, + CaCl, - CaCO, + 2NaCl, 
easily soluble in acids with effervescence. 
Salts of almost all other metals give precipitates of carbonates or basic carbonates. 



TARTRATES. 

Solid tartrates heated with concentrated H,SO^ blacken immediately, owing to separation 
of carbonaceous matter, and evolve CO and CO,. 

((CJOOK \ 
I nTTOTT 1 
"iCHOH r ^^® ^^ 
icOONa / 

Calcium chloride^ white gelatinous ppt. of calcium tartrate, 

KNaf + CaCl, = Caf + KCl + NaCl, 

soluble in HCl, HNO,, and acetic acid*. Soluble also in cold KHO (after 
washing), repptd. by boiling. Neutral cupric chloride converts it into insoluble 
cupric tartrate. 

Potassium acetate^ in presence of a^setic add, white crystalline ppt. of potassium 
hydrogen tartrate, especially on shaking, 

Na,T + CH,COOK + CH,COOH = KHT + 2CH,C00Na, 

more complete in presence of alcohoL Soluble in KHO, forming normal tartrate^ 

K,T. 

Silver nitrate^ white ppt. of silver tartrate, 

KNaT + 2 AgNO, = Ag,T + KNO, + NaNO,, 
soluble in HNO, and in NH,. 

* After standing some time calcium tartrate usually becomes crystalline, and will not then dissolve id 
acetic acid. 
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Tartrates {corUinued). 

If dissolved in the least possible quantity of NH,, the solution on heating deposits a 
bright mirror of metallic silver on the side of the tube*. 

Fotasniwm, fwrnanganaJU (one or two drops), in presence of caustic potash, is reduced 
on heating, first to green manganate, 

2(K,0 . Mn,0,) + 4KH0 = 4(K,0 . MnO,) + 2H,0 + 0„ 

which is rapidly changed to a brown ppt. of hydrated manganese dioxide, 

2(K,OMnOJ + 4H,0 = 2(MnO, . H,0) + 4B:H0 + O., 

the tartrate being oxidized to formate carbonate, &c. 

If to a neutral or acid solution of a tartrate (or tartaric acid), a little ferrous rndpliate 
be added, followed by a few drops of hydrogen dioxide, and lastly excess of caicstic potash, 
a deep violet or blue colour is obtained. (Metals other than K, Na^ and NH^ must be 
absent.) 



CITRATES. 

Solid citrates treated with concentrated H,SO^ evolve CO, and on heating blacken 
slowly, evolving CO,, acetone, iic. 

Solutions of normal citrates, e.g, Na^G (= C,H^(OH)(COONa) J, give with 

CcUcium cldoride^ white ppt. of calcium citrate, 

2Na,Ci + SCaCl, = Ca,^, + CNaOl, 
soluble in dilute acids, and in neiUral cuprie chloride. Insoluble in cold KHO. 

N.£. Normal ammonium citrate gives no ppt till boiled. 

barium acetate, white ppt. of barium citrate Ba,Ci,, especially in presence of alcohol 
and on long standing. (Tartaric acid must be first removed if present) 

Fotasaiti/m permcmgcmate, in presence of excess of KHO, is reduced on heating to 
green manganate, but is iiot further reduced, except after continued boDing. 

Lime vnUer added to free citric acid gives no ppt (or only slight turbidity) in 
the cold, but on boiling, white calcium citrate is pptd. 

Potassium acetate, no ppt. AgNO,, white ppt of Ag^Ci, which does not behave as 
with tartrate on dissolving in NH, and heating. 

FeSO^, HgOg, and ILHO, as above, gives only a yellow or brown colour. 

* The safest method of trying the "mirror" test is as follows: 1st, add dilute NH, to AgNO, till 
the ppt. first formed is nearly redissolved. 2nd, make the solution to be tested neutral or faintly alkaline 
witli KHO. Mix the two solutions and heat gently. 
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CHLORIDES. 

{E.g. NaCl.) Solid chlorides treated with concentrated H^SO^, evolve hydrochloric acid 
in the cold, 

NaCl + H,SO, = NaHSO, + HCl, 

colourless gas forming dense white fumes of NH^Cl on coming in contact with NH^. 

Heated with manganese dioxide and strong H,SO^, chlorine is evolved. 

2NaCl + 2H,S0^ + MnO, = Na.SO, + MnSO^ + 2H,0 + Cl„ 
yellowish-green gas, bleaches litmus, liberates I from KI. 

Distilled with dry pokueium dicho'omcUe and concentrated H^SO^, chromyl dichloride 
("chlorochromic acid'') is obtained, 

4NaCl + K.Cr.O, + 3H,S0, = K,SO, + 2Na,S0, + 2CrO,Cl, + 3H,0, 

orange red gas condensing to a deep red liquid; decomposed on coming in contact with 
water, giving chromic and hydrochloric acids, 

CrO.Cl, + 2H,0 = H.CrO, + 2HCL 

Solutions of chlorides give with 

Silver nitrate^ white ppt. of silver chloride which coagulates on shaking. 

NaCl + AgNO, = AgCl + NaNO,, 

insoluble in HNO,, soluble in NH,. Turns violet on exposure to sunlight Not 
decomposed on heating. 



Lead acetate, white ppt. of lead chloride PbCl,. 

Mercurotu vitrate, white ppt. of mercuroua chloride Hg,C1,. 



HTPOCHLOBITES. 

{Kg. NaClO.) Treated with HCl, chlorine is evolved in the cold, 

NaClO + HCl = NaCl + HCIO, 
and HCIO + HCl = H,0 + CI,. 

Solutions of hypochlorites bleach litmus, indigo, ink, &;c They give with 

Manganous chloridcy brown ppt. of hydrated manganese dioxide, 

NaClO + MnCl. + 2Na0H = MnO, . H,0 + 3NaCL 

Metallic mercuri/, on shaking, yellow deposit of mercuric oxide, 

NaClO + Hg = NaCl + HgO. 

Pree hypochlorous acid shaken with metallic mercury gives yellow mercuric oxychloride, 
HgCl, . HgO ; whereas free chlorine gives white mercurous chloride, Hg,Cl,. 
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CHLORATES. 

(£.g. KCIO^) Treated with concentrated H^O^, the liquid turns yellow, and on 
heating, chlorine peroxide (yellow explosive gas) is evolved, 

3KC10, + 2H,S0, = KCIO, + 2KHS0, + H,0 + 2010,. 

Heated with strong HCl, chlorine peroxide and chlorine are evolved, 

2KC10, + 4HC1 = 2KC1 + 2H,0 + 2C10. + CI,. 

Most chlorates, when heated alone to redness, evolve oxygen and leave a chloride, 

2KC10, = KCIO, + Ka + 0„ 
and at higher temperatare, KCIO^ = KCl + 20,. 

Solutions of chlorates acidulated with dilute H,SO^ bleach indigo only on heating. If a 
few drops of siUphv/raiM add be added, however, they do so in the cold (the chlorate being 
reduced to chlorite or hypochlorite). 



IODIDES. 

(E.g. KI.) Treated with concentrated H,SO^, iodine is liberated as a brown or black 
ppt. which, on heating, gives violet vapours, 

2KI + 3H,&0, = 2KHS0^ + SO, + 2H,0 + 1,. 

Free iodine colours starch-paste blue; the colour is temporarily destroyed by heat 
Solutions of iodides give with 

Silver nUrate, pale yellow ppt. of silver iodide, 

KI + AgNO, = Agl + KNO„ 

practically insoluble in ammonia. Insoluble in dilute HNO,. Darkens on exposure 
to light. 

Chlorine voater^ or nitrous add^ liberates iodine, 

2KI + CI, = 2KC1 + 1, 
2HI + 2HN0, = 2H,0 + 2N0 + 1,. 

If the mixture be shaken up with carbon disulphide, the iodine is dissolved out, 
giving a violet colour. 

Cupric sulphate^ dirty white ppt. of cuprous iodide, with liberation of iodine, 

4KI + 2CuS0, = Cu,I, + 2K,S0, + 1,. 

In presence of sulphurous acid no iodine is liberated, 

2KI + 20uS0, + H,SO, -r H,0 = Cu,I, + 2KHS0, + H,S0,. 



Lead acetaU, yellow ppt. of lead iodide Pblj, soluble in boiling water, czystallizing out od cooling. 
Mercuric chloride, red ppt. of meroaric iodide Hgl,, soluble in EI and in HgCl,. 
Palladium nitrate, black ppt. of Pdl,. 
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lODATES. 

{E.g. K,I,0,.) Boiled with strong HCl, chlorine is evolved, together with iodine tri- 
chloride, 

K,I,0, + 12Ha = 2KC1 + 6H,0 + 2IC1, + 2C1^ 

Strong H,SO^ liberates iodic acid, but no free iodine. 

Solutions of iodates give with 

Fotasnum iodide^ in presence of a dilute acid (H^SO^, HCl, or CH,OOOH), liberation 
of iodine, 

lOHI + H,I,0. = 6H,0 + 61,. 

Silver nitrate, white ppt. of silver iodate, 

K,I,0. + 2AgN0. = Ag,I.O, + 2KN0„ 

sparingly soluble in cold dilute HNO,. Easily soluble in ammonia, from which 
solution, SO, precipitates Agl, insoluble in ammonia. 



Barivm ehloride, white crystalline ppt. of barium iodate BaljO^ . H^O. 

Pyrogdllol CeH,(OH)g, broimish-red colour, Bometimes ppt. of purpurogallin C^HxeO^. 



BROMIDES. 

(Kg, KBr.) Heated with concentrated H^SO^, bromine is evolved, mixed with hydro- 
bromic acid, 

KBr + H,SO, = KHSO, + HBr 
2HBr + H,SO, = 2H,0 + SO, + Br,. 

Free bromine colours starch-paste yellow. 

Heated with concentrated H,SO^ and manganese dioxide, bromine alone is evolved, 

2KBr -h 3H,S04 + MnO, = 2KHS0, + MnSO^ + 2H,0 + Br,. 

Solutions of bromides give with 

Silver nitrate, yellowish-white ppt. of silver bromide, 

KBr -h AgNO, = AgBr -h KNO„ 
sparingly soluble in ammonia. Insoluble in dilute HNO,. Darkens on exposure 
to sunlight. 

Chlorine water liberates free bromine, 

2KBr + Cl,= 2K01 + Br,. 
If the mixture be shaken up with carbon disulphide, the bromine is dissolved out^ 
giving a yellow or orange colour. 
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BBOMATES. 

{E.g. KBrOg.) Heated with acids, bromic acid, HBrO,, is liberated, which soon decomposes, 
giving off bromine and oxygen, 

4HBrO, = 2H,0 + 2Br, + 50,. 
Solutions of bromates give with 

Silver mtrcUey white ppt. of silver bromate, 

KBrO, + AgNO, = AgBrO. + KNO,, 
sparingly soluble in dilute HNO,. Soluble in ammonia. 

Potassium bromide, in presence of cold dilute acid, liberation of bromine, 

HBrO, + 5HBr = 3H O -»- 3Br.. 



GTAinDES. 

Treated with dilute HCl, many cyanides, (e.g, KCy, or ZnCy^) evolve hydrocyanic acid 
in the cold; others (e.g. HgCy,, or AgOy) require strong HCl and heating. 

KOy + HCl = KCl + HCy. 

The evolved HCy may be absorbed by KHO (on a watch-glass or filter paper) and 
tested with iron salts as below; (or by (NH^),S,, auad tested for sulphocyanate with HCl 
and Fe.Cl,— (NHJA + HCy = NH^CyS + NH,HS). 

Heated with excess of concentrated H,SO^, carbon monoxide is evolved (in pert), 

2KCN + 4H.S0, + 2H,0 = 2KHS0^ + 2NH^HS0^ + 2C0. 

Solutions of cyanides (not mercuric cyanide) give with 

Silver niircUe, white ppt. t>f silver cyanide, 

KCy + AgNO, = AgCy + KNO„ 

insoluble in cold dilute HNO,; easily soluble in ammonia, and in KCy. Not 
darkened by exposure to sunlight. On heating, it decomposes into metallic silver, 
cyanogen, and paracyanogen. 

On adding successively Ferrous stUphate^ Ferric chloride, and hydrochloric acid, a dark 
blue ppt., "Prussian blue,'' is obtained, 

6KCy + FeSO, = K.FeCy, + K,SO, 
3K^FeCy, + 2Fe,a,= Fe,(FeCy,),* + 12KCL 

(If the solution contains free acid to start with, KHO must be added before applying 
the test. The object of the HCl is to dissolve the hydroxides of iron which may have 
been precipitated by alkali present.) 

* See Ferric Salts. 

5—2 
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GYANATES. 

(E.ff, KCNO.) Treated with dilute acids, carbon dioxide is evolved, and an ammonium 
salt formed, which may be identified as usual, 

KONO + HCl = Ka + HCNO 
HONO + H,0 + HCl = NH^a + CO.. 

Traces of HCNO escape undecomposed, giving a pungent odour. 

Solutions of cyanates treated with ammonium sulphate give ammonium cyanate, by double 
decomposition, which is soon transformed into urea, 

NH.CNO - 00(NH,),. 

The solution may be evaporated to dryness (on a water bath), the urea extracted with 
alcohol, and identified as usual 

Silver nUrate gives white ppt. of silver cyanate AgCNO, easily soluble in ammonia. 
Decomposed by acids as above. 



FEBBOCYANIDEa 

(Kg. K,FeC.N, = K,FeCy, + K,FCy.) 

Heated with strong H,SO^, carbon monoxide is evolved 

K^FeC^N, + 6H,S0, + 6H,0 = 2K.S0, + 3(NH,),S0, + FeSO, + 6C0. 

With dilute H,SO^, hydrocyanic acid is obtained, 

2K,FeCy, + 3H,S0, = K,Fe(FoCy.) + 3K,S0, + 6HCy. 

Solutions of ferrocyanides give with 

Silver nitrate^ white ppt. of silver ferrocyanide, 

K,(FeCy.) + 4AgN0, = Ag,(FeC7^ + iZNO,, 
insoluble in dilute HNO^ and in cold ammonia. 

Ferric chiortde, dark blue ppt. of "Prussian blue." (See Ferric salts.) 

Ferrous suljjhate, pale blue (white if quite pure) ppt of potassium ferrous ferrocyanide, 

K.FeCy, + FeSO, = K,Fe'TeCy, + K^O,. 

Cuprie ndphaie in excess, chocolate ppt. of cupric ferrocyanide, 

K.FeCy, + 2CuS0^ = Cu,(FeCy,) + 2K,S0,. 

Oxidizing agentSy such as K,Mn,0„ or chlorine, convert ferrocyanides into ferri- 
cyanides, 

lOK.FeCy, + K,0 . 2MnO . O. + 8H,S0, = 6K,(Fe,Cyj,) + 6K,S0^ + 2MnS0, + 8H,0. 
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FERRIGYANIDES. 

{E.g. K,Fe.C,.N,. = K.Fe.Cy,. = K.(FdCy),) 

Heated with concentrated H,SO^, carbon monoxide is evolved (also CO,, &c.) and ferric, 
potassium, and ammonium sulphates remain. 

Solutions of ferricyanides give with 

Silver nitrate, orange ppt. of silver ferricyanide, 

K.(Fe.Oy„) + 6AgN0. = Ag,(Fe.Cy„) + 6KN()., 
insoluble in dilute HNO,, soluble in ammonia. 

Ferrous sulphatey dark blue ppt. of ferroxis ferricyanide (?) "Turnbull's blue." 

K.(Fe,Cy,.) + 3FeS0, = Fe.(Fe,Cy.,) + 3K^0,. 

Potassium iodide (in presence of HCl) i-educes ferri- to ferro-cyanides with liberation 
of iodine, 

K.Fe,Cy„ + 2KI = 2K,FeCy, + T,. 
Ferric chloride, no ppt. (brown solution, green if not quite pure). 



Copper sulpliaUy yellowish-green ppt., Nickel sulphate, yellowish-green ppt. 
Cobalt nitrate, reddish-brown ppt. of the respectiye ferricyanidea. 



SULPHOCYANATES. 

{E.g. KCNS.) Heated with strong HCl or H^SO^, carbon dioxide, hydrosulphuric acid, 
hydrocyanic acid, dLC. are evolved, 

KCNS + H,SO, = KHSO^ + HCNS 

3HCNS = H C^N.S, + HCN 

(yeUowppt) 

HCNS + 2H,0 = CO, + H,S + NH,. 

Solutions of sulphocyanates give with 

Ferric c/iloride, blood-red colour due to ferric sulphocyanate Feg(CNS)^. The colour 
is bleached by mercuric chloride, but not by dilute HCL 

Silver nitrate^ white ppt. of silver sulphocyanate, 

KCNS + AgNO. = AgCNS + KNO,, 
easily soluble in ammonia, insoluble in dilute HNO^. 
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NITRATES. 

{E,g. KNO,.) Heated with concentrated H,SO^, nitric acid is evolved, 

KNO, -«. H,SO, = KHSO, + HNO,. 

Fart of the HNO, usually splits up, giving yellow or brown vapours of lower nitrogen 
oxides, e.g. 

4HN0, = 2H,0 + 4N0, + O,. 

Heated with concentrated H^SO^ and metallic copper, brownish-red fumes of nitrogen 
peroxide are given off, 

2KN0, + 3H^0, + Cu = 2KHS0^ + CuSO^ + 2H,0 + 2N0,. 
Solutions of nitrates 

Treated with excess of ferrotu sulphate in the cold, and concentrated H^O^ gradually 
poured in down the side of the vessel, give a brown ring where the liquids meet, 

2KN0, + 6FeS0, + 4H.S0^ = K,SO, + 3Fe,(S0,), + 4H,0 + 2N0 
and 2FeS0, + NO = (2 FeSO, . NO). 

brown oomponnd 

Heated gently with amalgamated zinc they are reduced (in part at any rate) to nitrites, 

KNO, + Zn = KNO, + ZnO, 
which may be detected by the KI + HCl test, &,o, [See Nitrites.] 

Brucvne in presence of concentrated H,80^ gives a red colour. 

Mixed with dilute H,SO^, solutions of nitrates do not bleach indigo in the cold (even 
in presence of SO,), but do so on heating. 

** Nascent** hydrogen (from Zn + KHO, ^) converts them into ammonia. [See Nitrites.] 



NITRITES. 

{E.g, KNO,.) Treated with dilute acids, nitric oxide is evolved, 

KNO, + Ha = Ka + HNO, 
and 3HN0, = HNO, + 2N0 + H.O. 

The evolved gas unites with oxygen from the air, giving brownish-red fumes of N,0^. 

Solutions of nitrites give with 

Ferrous sulphate^ even in neutral solution or in presence of dUtUe acid, a brown colour, 
2KN0, + 2FeS0, + 2H,S0, = K,SO, + Fe,(SOJ, + 2H,0 + 2N0 
and 2FeSO^ + NO = (2FeS0, . NO). 
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Nitlitos (continued), 

PatoBsiwn iodide^ in presence of dilate HCl or n,SO^, liberation of iodine (detected 
bj starch-paste or CS,), 

2KN0, + 2KI + 4HC1 = 4KC1 + 2H,0 + 2N0 + 1,. 

Urea^ added to free nitrous acid (or a nitrite -f dilute H^OJ, gives off nitrogen and 
carbon dioxide, 

CO(NH,), + 2HN0, = CO, + 3H,0 + 2N, 

(complete on heating). 

"Nascent*' hydrogenj e.g, from zinc (coated with copper) and caustic potash, evolves 
ammonia from either nitrates or nitrites, 

Zn + 2KH0 = ZnO . K,0 + H, 

and KNO, + 3H, = KHO + H,0 + NH,. 



Potassium permanganats +dil. HjSO^ is at onoe decolourised. 

Meta'diamido-beMene 0|B^(NH^, in presenee of dilate H^04, a yellow colour, eveu in veiy dilate eolations 

Aniline sulphate (one or two drops of solation) triturated with a concentrated eolation of a nitrite 
gives the odour of phenol C^HgOH. 



ACETATES. 

(F,g, CH^.COONa.) Heated with concentrated H,SO^, acetic acid is given off (recog 
nized by its odour) 

CH, . COONa + H,SO, = NaHSO, + CH, . COOH. 

Heated with concentrated H^SO^ and alcohol (one or two drops) the characteristic odour 
of ethjl acetate is produced, 

CH, . COOH + (C,H,)OH = CH, . COO(C,H,) + H,0. 

Heated to redness with arsenious anhydride, characteristic (poisonous) odour of cacodyi 
ASj(CHJ^ is produced. 

Neviral solutions of acetates give with 

Ferric chloride, a red colour, due to ferric acetate (CH, . CO,)gFe,. On boiling the- 
solution, a brown ppt is produced of basic ferric acetate (CH, . CO,),Fe, . nFe,0,. 
The red colour is bleached by HCl but not by HgCI,. 
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FORMATES. 

{E.g, H . COONa.) Heated with concentrated H^04, carbon monoxide is evolved 
without blackening of the liquid, 

H . COONa + H31SO4 = NaHS04 + H,0 + CO. 

Neutral solutions of formates give with 

Silver nUraU, on heating, a black ppt. of metallic sUver. 

Mercwrin chloride, oq heating, a white ppt of mercurous chloride, or a grey ppt. 
of metallic mercury, according to quantity. 

Ferric clUoride gives a reaction similar to that produced with acetates. 
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TO DISSOLVE A SUBSTANCE FOR ANALYSIS. 



Boil the finely powdered substance with (1) water, (2) hydrochloric acid, (3) nitric 
acid, (trying both dilute and strong acids), (4) aqua regia; pouring off the previous solvent 
in each case. If a part only dissolves, the solution may be examined separately*. 

If all the above reagents fail to dissolve the substance t, fuse it (or that portion 
which is insoluble) with about 5 times its weight of pure dry sodiam carbonate^, extract 
the fused mass with boiling water§. 

FiLTEB 



Residue 

Wash; dissolve in hot dilute HCl (or in 
presence of Ag and Pb, HNOJ and test for 
metals (and silica) as usual 11. 

An insoluble residue is probably due to in- 
sufficient fusion. 



Solution 

Examine a portion for acids in the usual way, 
after acidifying with dilute HNO,. 

Acidify the remainder with HCl and test as 
usual for silica and metals (Al, Cr, Mn, Zn, 
As, Sn). 



Since cyanides, ferrocyanides, cobalticyanides, &c often greatly interfere with the ordinary 
processes of analysis, it is best to destroy them, if present, before proceeding. 

This may be done by evaporating to dryness with strong sulphuric acid, and heating, 
whereby the metals, including those in the acid cyanogen radicle, are obtained as sulphates. 

In some cases silver nitrate in excess may be used, followed by excess of nitric acid. 
In this way the cyanides, &o. are obtained as silver salts, and the metals remain in solution 
as nitrates. 



The solution for analysis is assumed to be neutral or slightly acid. If strongly acid 
it must be diluted largely, or nearly neutralized with Na^OO,. If alkaline it should be 
just acidified with dilute HNO,, any precipitate produced being filtered off and examined 
separately. 
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* If the snbstanoe is a metal or alloy, heat it with strong nitric acid (Aclrling water if neoessaiy), evaporate 
to small bulk to remove excess of acid, add water and filter. 



Bbsidub 

Contains antimony and tin [as hydrated SnO, and Sb^Os, or as arsenates; 
also possibly Bi as arsenate or phosphate; An and Ft]. 

Digest with zinc and dilute HCL Test evolved gas for AsH, by the AgNO, 
reaction. Beeidue on the zinc consists of metallic Sb and Sn (Bi, Au, Ft). 

Boil for some time with strong HCl. 



Besidue Sb (Bi, Au, Ft). 

Digest with yellow ammonium sul- 
phide. Sb dissolves as sulphosalt. 
Evaporate solution just to dryness. 
Orange red residue ANTIMONY. 



Solution 

Contains Sn as stannous chloride. 
Add mercuric chloride. 
White ppt. (which usually turns grey 
on heating) TIN. 



Solution 

Examine for metals as usual, 
except for Sn, Sb (Au, Ft). 



t The only common substances likely to remain insoluble in water and acids are:— SiO^ and silicates. 
Sulphates of Ba, Sr, Fb (Ca). Fluoride of Ca, Ao. Chrome iron ore. SnO,. Sb204 and Sb,Of . AgCl (and 
some other Ag salts which are converted into AgCl). Ignited Sesquioxides of Fe, Al. Or (in part). Ignited 
lead chromate. Some metaphosphates, arsenates, Ae, Carbon. Sulphur. These are all more or less decom- 
posed, or rendered soluble, by fusion with Na^CO,. Chrome iron ore is best decomposed by fusion with 
about 8 parts of Na^CO, and 2 of powdered fused borax (or with a mixture of 2NaF-hNaHS04). Tin and 
antimony oxides may also be decomposed by fusion with ECy, whereby they are obtained as metals. 

X A platinum crucible or foil may be used in absence of easily reducible metals (generally indicated in 
preliminary examination) soch as Fb or Ag. If they are present, porcelain must be employed (in which 
case small quantities of Al, Si, <&c. will be introduced), or else they must be first removed. FbS04 may be 
dissolved out with ammonium acetate and ammonia; AgCl with potassium cyanide. 

I The action of sodium carbonate here is, generally speaking, to give an insoluble carbonate or oxide 
of the metal, and a soluble sodium salt of the acid — e,g, 

KajCO, + BaS04 = BaCO, + Na^SO^ . Na,CO, + CaF,s CaCO, -f 2NaF. 

D In case of silicates, potassium and sodium must be looked for in a separate portion of the original 
substance. This may be done as follows — Heat the finely powdered substance with ammonium or calcium 
fluoride (pure) and strong HsS04 (in a platinum vessel). In this way the silicon is removed as gaseous tetrafluoride. 

4NH4F.hSiO,-h2H^04=2(NH4),S04+2H,0.«-SiF4, 

and the metals remain as sulphates. Extract with water and test solution for K and Na in the ordinary 
way (after removing previous groups, if present, as usual). 

Or 1 part of the finely powdered substance may be strongly heated in a covered platinum vessel with 
about 8 parts of pure CaC03 and 1 part of NH4CI for about an hour. The mass is then extracted wit!) 
water, and the calcium removed from the solution by precipitation with ammonium carbonate. 
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EXPLANATION OF GENERAL TABLE. 

Hydrochloric acid precipitates silver, lead (in part) and mercury (mercurous) as chlorides, 
AgOl, PbCl, and Hg^Cl,, thus separating them from all the other common metals, whose 
chlorides are soluble. (Bismuth and Antimony are often precipitated here as oxy chlorides 
BiOCl and SbOCl, but the ppt. at once dissolves in more HCl. Strong HOI precipitates 
barium salts, these being insoluble in strong acids ; cold water at once dissolves the ppt.) 



These chlorides having been filtered off, Hydrosulphuric acid precipitates mercury 
(mercuric), lead, bismuth, copper, cadmium, arsenic, antimony and tin, as sulphides, HgS, 
PbS, Bi^,, CuS, CdS, As,S„ Sb.S, or Sb,S„ SnS or SnS^ these being insoluble in dilute HOI. 

Arsenic compounds are usually first reduced, in part at any rate, to the arsenicm^ state 
with separation of sulphur, e.g. 

As.O, + 2H,S = As.O, + 2H,0 + 2S. 

This operation is very slow, requiring continued boiling, and repeated saturations with 
H^, hence arsenic in this state is often overlooked. [Some prefer to reduce the arsenic 
to the arsenious state by boiling with SO, before passing H,S, but this process is liable 
to lead to complications, such ba precipitation of Ba, Pb, (&c. as sulphates.] 

A precipitate of sulphur on passing H,S indicates the presence of an "oxidizing" agent, 
such as free chlorine, hypochlorites, chromic arsenic or strong nitric acids, ferric salts, <&c., e.g, 

H,S + 01, = 2H01 + S. 

pptd. 

The ppt. produced by H,S is well washed, in order to remove the salts which are 
still in solution, and free HOI, and digested with yellow ammonium sulphide*. 

This converts the sulphides of arsenic, antimony, and tin, into soluble sulpho-salts, such 
as (NHJ.AsS,, (NH,),SbS, and (NHJ,SnS,. For instance, 

3(NHJ,S + AS.S3 = 2(NHj3AsS.. 

The remaining sulphides are left undissolved, and are separated by filtration. 



The filtrate from the H,S precipitate is tested with more H,S to ascertain whether 
the previous group is entirely precipitated. If this is the case, the excess of H,S is 
removed by boiling, and a few drops of nitric acid added, in order to convert any ferrous 
salt Avhich may be present into the ferric state (since ferrous salts are only partially 
precipitated by ammonia). Thus 

6Fe01, + 2HN0, + 6Ha = 3Fe,01, + 4H,0 + 2N0. 

The brown colour which is usually observed being due to a compound of NO with unaltered 
ferrous salt. 

Ammonium chloride and ammonia are now added. (NH^Ol has the property of forming 
double chlorides with the chlorides of magnesium, manganese, <fec. which are not precipitated 
by NH„ and are thus kept out of this group. It also renders the precipitation of aluminium 
hydroxide by ammonia more complete.) 

* The yellow "ammonium sulphide'* used in laboratories is a mixture cousisting chiefly of polysulpliides 
of ammonium (such as (NHJ3S3) and ammonium thiosulphate (NHJiS^Og. 
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EXPLANATION OF GENERAL TABLE (eon^ued). 

Ammonia precipitates iron, chromium and aluminium from most of their combinations, 
as hydroxides, such as Fe,(HO)„ Cr,(HO), and A1,(H0)„ e.g. 

A1,C1, + 6NH, + 6H,0 = A1,(0H). + 6NHp, 

and by neutralizing the acid in which they are dissolved, precipitates many salts which 
are insoluble in water, i,e, phosphates of Fe, Or, Al, Ca, Ba, Sr, Mg; oxalates (fluorides, 
borates, silicates, &g, in part) of Ca, Ba^ Sr. 

(Ferric and aluminium phosphates are very imperfectly precipitated in presence of much 
alkaline phosphate, and may therefore occur in the next groups.) 

In addition to the above, an^monia partially precipitates phosphates of Zn, Mn, Ni, Co. 
If these are present in any quantity, it is necessary to decompose them by digesting the 
precipitate with ammonium sulphide, which converts them into sulphides, e.g, 

Zn,(PO,), + 3(NH J,S = 2(NH J.PO^ + 3ZnS. 

The solution is tested for phosphoric add with magnesia mixture, which, if found, 
indicates phosphates of Zn, Mn, Ni, Co, or Fe. The residue containing the sulphides of 
these metals is dissolved in acids, and treated exactly as before with NH^Cl, NH,, &c. 
The precipitate thus obtained is free from Zn, Mn, Ni, and Co. The filtrate from it may 
be examined separately for these metals. If present they probably existed as phosphates. 

The separation of groups 3 and 4 by ammonium chloride and ammonia is very 
imperfect, manganese and zinc especially being carried down with the 3rd group. It is 
therefore necessary, in cases of accuracy, to repeatedly redissolve the ppt. in HCl, and 
reprecipitate it with NH^Cl and NH,. 

A more complete separation of Fe''', Cr, Al, from Zn, Mn, Ni, Co, is effected by means 
of barium carbonate, which ppts. only Fe, Cr, Al. This process, although it takes con- 
siderable time, is advisable in cases where accuracy is required, especially if traces of zinc 
have to be searched for. 



To the filtrate from the ammonia precipitate, ammonium sulphide is added. This throws 
down zinc, manganese, nickel and cobalt as sulphides, ZnS, MnS, NiS, CoS, these being 
insoluble in alkaline solution. Excess of ammonium sulphide dissolves nickel sulphide to a 
considerable extent, forming a black solution, and must therefore be avoided. In some cases 
(as when nickel sulphide has been thus dissolved) it is advisable to destroy the excess of 
ammonium sulphide with a dilate acid before proceeding, 

(NHJ,S, + 2HC1 = 2(NHJC1 + H.S + S. 

pptd. 



The filtrate from the ammonium sulphide precipitate contains only Ba, Sr, Ca, Mg, 
and alkali metals. Ammonium carbonate is added, and the solution heated to decompose 
carbamate, bicarbonate, kc This precipitates barium, strontium and calcium carbonates, 
BaCO,, SrCO,, CaOOj^. The liquid must not be boiled, since the reaction then tends to 
reverse, e,g. 

CaCO, + 2NH^C1 = (NH J.CO, + CaCl.. 



The filtrate, containing only Mg and alkalies, is examined by Table YI. 
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TABLE L 



Ag, Pb, Hg'. 



Wash ppt. with cold water, then boil it for some time with a considerable quantity of 
hot water. 

Filter 



Residue 
Digest with ammonia. Filter. 



Residue (black) 
MERCURY. 

Confirm by drying ppt. at 
gentle heat, mixing with dry 
Na,CO, and heating in a bulb- 
tube. 

Orey ring united into globules 
by rubbing with a rod. 



Solution 

Acidify with HNO,, white 
ppt. turning violet on exposure 
to sunlight. 

SILVER. 



Solution 

Add potassium chromate. 
Tellow ppt. insoluble in ace- 
tic acid. 

LEAD. 



The precipitate produced by hydrochloric acid contains silver, lead, and mercurous 
chlorides AgCl, PbCl,, Hg.Cl,. 

The separation of these is based upon the fact that 

(1) FbCl, is soluble in boiling water, Agd and Hg^Cl, insoluble. 

(2) AgCl is soluble in ammonia, Hg,Cl, insoluble. 

The PbCl, in first extracted with boiling water, and confirmatory tests for lead applied 
to the solution so obtained. 

The Agd is extracted from the residue by ammonia, from which it is reprecipitated 
unchanged by nitric acid (the latter merely neutralizing the ammonia). 

Hg,Cl, is converted by ammonia into a black substance (NHg',H,)Cl (chloride of 
diniercurous-ammonium) which remains undissolved, and is confirmed by the dry test for 
mercury. 
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EXPLANATION OF TABLE H. a. 

The residue insoluble in ammonium sulphide contains mercury, lead, bismuth, copper, 
and cadmium, as sulphides. 

Their separation is effected upon the following principles: 

(1) HgS is insoluble in dilute nitric acid**. The remainder dissolve, forming nitrates 
with separation of sulphur, e.g. 

3PbS + 8HN0, « 3Pb(N0,), + 4H,0 + 2N0 + 3S. 

(2) Dilute sulphuric acid precipitates lead as sulphate PbSO^ (more completely in 
presence of alcohol), leaving the remaining metals in solution. 

(3) Ammonia throws down bismuth as hydroxide, Bi(OH),, and gives a character- 
istic blue colour to the solution if copper is present (due to a compound of cuprammonium 
hydroxide N,HgCu"(OH),). The copper may be further confirmed by the ferrocyanide test. 

Bismuth hydroxide dissolves in hydrochloric acid, forming the chloride BiCl,, which is 
converted by water into the insoluble oxychloride BiOOl — 

BiCl, + H.O = BiOCl + 2HC1. 

An excess of hydrochloric acid must be avoided in dissolving the bismuth hydroxide, 
since it prevents the formation of the oxychloride. 

If copper is present potassium cyanide is added, which forms with it a colourless double 
cyanide Cu^Cy, . 2KCy. Hydrosulphuric acid does not precipitate copper from this compound, 
whilst it throws down cadmium as yellow sulphide CdS. 

Copper may also be separated from cadmium by precipitating the two together as 
sulphides, and boiling the precipitate with dilute H,S04. CdS dissolves, CuS remains 
insoluble. Or, in absence of ammonium salts, by adding a strongly alkaline solution of 
sodium tartrate and boiling; cadmium is precipitated as oxide, copper remaining in solution. 



* Some prefer to ase strong nitrio acid, in which case the lead is oonverted into sulphate, and remains 
in the residue with HgS, the latter being often converted into a white substance Hg(KOJ, . 2HgS. They may 
be then separated by ammonium acetate, which dissolyes only lead sulphate. 
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TABLE IL B. Method 1. 



Acidify with diL HCL Filter. Neglect filtrate. (If ppt. is nearly white and does not settle, 
it is probably only sulphur, and may be neglected.) 

Wash ppt and digest it for some time with warm ammonium carbonate*. 

Filter 



Solution 

Acidify with HCL 
Yellow ppt — ^probably 

ARSENIC t. 
Confirm by dissolving ppt. in 
HCl with a drop of HNO, and 
trying Marsh's testt 

[Some Tin may also be pre- 
sent in this ppt. To confirm it, 
roast ppt. in open vessel, and 
fuse residue with KCy. Metallic 
Sn remains, which when dis- 
solved in HCl gives white ppt. 
with HgCl,.] 



Residue 

Wash. Heat with strong HCL Filter if necessary. (Residue 
is only S and traces of As,S,.) Heat gently to remove H,S. 
Divide solution into two parts. 



1. 

Test for Sn. 

Add a small piece of zinc. 
Allow to stand. Pour off clear 
solution. Dissolve residue in 
strong hot HCL Add HgCl, . 
White ppt. often turning grey. 

TlNt. 



2. 

Test for Sb. 

Pour the solution on to a 
piece of zinc on platinum foil. 
Black stain on the platinum. 

ANTIMONY t. 

Confirm by dissolving stain 
off in ammonium sulphide, and 
gently evaporating the solution. 

Orange residue if Sb is pre- 
sent. 



^ Preferably tegut-oarbonate, saturated in the cold. Instead of ammonium carbonate, strong boiling HCl 
may be used, in which case Sn and Sb dissolve as chlorides, while As^S, remains insoluble. 

t Ascertain, if possible, whether -mu or -ic (or both) in original solution. 

X Or by heating in a bulb-tobe with dry Na^COj, and charcoal or EQy. 
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EXPLANATION OF TABLE IT. b. Method 1. 

The solution after digestion of the mixed sulphides with yellow ammonium sulphide 
contains arsenic, antimony, and tin, as sulpho-salts. 

These are decomposed by dilute HCl, the insoluble sulphides being reprecipitated, e,g. 

3(NH J,S . AsA + 6H01 = As,S + 6NH,C1 + 3H,S. 
soluble ammonium insoluble 

sulpbarsenite anenions sulphide 

Tin will always be reprecipitated as yellow stannic sulphide, since stannous sulphide is 
converted into stannic by the excess of sulphur in the yellow ammonium siilphide. 

[A white ppt is merely sulphur from the yellow ammonium sulphide, 

(NH,),S, + 2HC1 = 2NH^C1 + H,S + S.] 

The ppt. (As,S, (or As.SJ, Sb.S, (or Sb,SJ, SnS, and free S) is washed till free from 
HCl, and digested with warm ammonium carbonate. 

As^^ dissolves; the reaction may be approximately represented thus — 

4As,S, + 4(NHJ,C0, = (NHJ O . As.O. + 3{(NHJ,S . As,S,} + 4C0,. 

soluble soluble 

arsenite sulpharsenite 

Sb,S, (and Sb,SJ are practically insoluble, and SnS, very slightly solubla 

The solution of arsenite and sulpharsenite is acidified with HCl, which precipitates the 
arsenic as As,S,. 

(NH,),0 . As,0, + 3{(NHJ^ . As,S,} + 8HC1 = 4As^3 + 8NH,C1 + 4H,0. 

Arsenic is confirmed in this precipitate, by dissolving in acids, and trying Marsh's test; 
or else in the dry way. 

The residue insoluble in ammonium carbonate, containing the antimony and tin, is 
dissolved in strong hot HOI. SnS, dissolves, forming SnCl^; Sb^S, and Sb^S^ both form 
SbCl, (the latter with separation o{ S); H,S being evolved. 

Sulphur and traces of As,S, remain undissolved. 

The HCl solution is divided into two parts. 

One is examined for tin, by adding zinc. This precipitates tin as metal, 

SnCl^ + 2Zn = Sn + 2ZnCl,. 

The deposited tin is dissolved in HCl, which converts it into staamoiu chloride SnCl,, 
and mercuric chloride added. This is reduced first to white mercurous chloride, and afterwards, 
if sufficient stannous salt be present, to grey metallic mercury. 

2HgCl, + Sna, = Hg,Cl, + SnQ^ 

and Hg,Cl, + SnCl, = 2Hg + SnCl, . 

The other part is examined for antimony by causing the solution to act upon zinc in 
contact with platinum foil. Antimony is deposited as metal on the platinum. On digesting 
with yellow ammonium sulphide, antimony dissolves as a sulpho-salt| and on evaporation of 
the solution, orange antimony sulphide remains. 
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TABLE II. B. Method 2. 



Acidify with HCl (dil.). Filter. Neglect filtrate. (If ppt. is nearly white, and does not 
settle, it is probably only sulphur, and may be neglected.) 

Wash ppt. and dissolve it in strong HCl (with a drop of HNO,, or a crystal of KCIO,, 
if necessary). Heat gently to expel chlorine, dbc. Reserve a portion. Introduce remainder 
into a vessel in which hydrogen is being generated by the action of Zn and dil. H^SO^. 

Pass the evolved gases through a wash-bottle containing solution of lead acetate, and 
then into a strong solution of silver nitrate. A black ppt. indicates As or Sb. 

Filter 



Solution 

Add a few drops of AgNO, 
and then dilute ammonia, drop 
by drop. Yellow ppt. where 
the liquids meet, 

ARSENIC. 



Ppt. 
Wash well. Digest with hot tartaric acid on the filter. 



Solution 

Add HCl diL and pass H,S. 
Orange ppt. 

ANTIMONY. 



Residue neglect. 



Examine the other portion of the solution for tin, by adding a small piece of zinoy 
and allowing to stand. Pour off clear solution. Boil residue with strong HCL Add HgOl,. 
White ppt. often turning grey, TIN. 



65 



EXPLANATION OF TABLE 11. b. Method 2, 



This method is based upon the fact that compounds of arsenic and antimony when 
brought in contact with zinc and dilute acid, (HCl or H,SO^) evolve gaseous arsenic and 
antimony trihyd rides, AsH, and SbH,. (A portion of the As and Sb being usually precipi- 
tated on the Zn.) 

The gases are purified from any H,S which may be present by passing through a 
solution of lead acetate, and then led into a solution of silver nitrate. This decomposes 
them as follows: — 

AsH, + 6 AgNO, + 3H,0 = 6 Ag + H.AsO, + 6HNO3 

Black ppt. ' : >-- ' 

m Bolution 

SbH, + 3AgN0. = SbAg, + 3HN0,. 

Black ppt. 

The solution therefore contains arsenious a«id, nitric acid, and excess of silver nitrate. 
On carefully neutralizing with ammonia^ yellow silver arsenite AggAsO, is precipitated. (This 
ppt. being soluble either in HNO, or NH,, exact neutralization is necessary.) 

The residue on the filter consists of metallic silver, and silver stibide Ag^Sb. Tartaric 
acid dissolves Sb leaving Ag, and on passing H^S into the solution, Sb^S, is obtained as 
an orange precipitate. The Tin is found as in Method 1. 
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EXPLANATION OF TABLE IIL 

Since the presence of phosphates renders the analysis of this group more complex, it 
is advisable to test a portion of the precipitate at once for phosphate. This is done by 
dissolving in nitric acid (since hydrochloric acid impairs the delicacy of the reaction), adding 
ammonium molybdate, and heating, which gives a yellow precipitate of " phospho-molybdate 
of ammonium" (composition doubtful). It is necessary to employ a large excess of the 
molybdate, since excess of phosphate prevents the formation of the precipitate. 

Fusion of the precipitate with sodium carbonate, in presence of air or some oxidizing 
agent such as KNO,, converts lower oxides of chromium and manganese into a chromate 
and manganate respectively, e.^. 

Cr.O, + 2Na,C0, + 30 = 2Na,CrO, + 2C0, 

yellow mass 

and MnO + Na.CO, + O, = Na.MnO^ + CO.. 

bine-green mais 

The fused mass is extracted with water. (If much manganate is present, a drop of 
alcohol may be added, which will precipitate the manganese as Mn,0, (hydrated), leaving 
the chromate in solution.) Acetic acid is added to remove the excess of alkali, and lead 
acetate to precipitate the chromate as yellow PbOrO^. 

The remainder of the precipitate is dissolved in hydrochloiic acid. The phosphates, 
oxalates, &c. dissolve potentially as such, whilst the hydroxides are converted into chlorides. 
A portion of the solution is tested for iron by potassium ferrocyanide, (which gives "Prussian 
blue" ^eJJ^eCy^)* if iron is present,) and caustic potash added in excess to the remainder 
This reprecipitates the whole group substantially in the same condition as before, but redissolves 
aluminium hydroxide and phosphate, the former as potassium aluminate A1,(0K)^. Chromium 
hydroxide and phosphate also redissolve in excess of cold KHO, but are reprecipitated by 
continued boiling. If much chromium has been indicated however, it is best to convert it 
entirely into the hexad (or chromic acid) form before proceeding, by fusion with Na^CO,, &o, 
as above. In this condition it will remain in solution and will not interfere with the other 
reactions. 

The filtered solution, after boiling with potash, is boiled with ammonium chloride. This 
decomposes the KHO as follows : 

KHO + NHp = KCl + H,0 + NH,. 
Aluminium hydroxide and phosphate are consequently reprecipitated. 
Boiling with KHO usually decomposes ferric phosphate, in part at any rate. Thus 

2FeP0, + 6KH0 = Fe,(OH), + 2K,P0^. 

If therefore, after the separation of aluminium, much phosphate is found in solution, 
ferric phosphate was probably present 

The precipitate produced by caustic potash is dissolved again in hydrochloric acid and 
excess of sodium acetate added. This has the effect of replacing free hydrochloric acid by 
free acetic acid: — 

HCl + CH,COONa = NaCl + CH.COOH. 

* See footnote, p. 11. 

P. 8 
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EXPLANATION OP TABLE IIL (earUinued). 

Calcium oxalate and fluoride, ferric and chromic phosphates, are soluble in hydrochloric 
acid, but insoluble, or nearly so, in acetic acid, and are therefore precipitated. [Oxalates 
are confirmed by heating the precipitate, which converts them into carbonates. Fluorides by 
heating with H,SO^, whereby HF is evolved; and ferric and chromic phosphates by testing 
as above for Fe, Or, and PO^.] 

Phosphates of Ca, Ba, Sr and Mg, however, are soluble both in hydrochloric acid and 
in acetic acid, and therefore remain in solution. The addition of ferric chloride decomposes 
them as follows: 

Ca,(PO,), + Fe.Cl, = 2FeP0, + 3CaCl,. 

If, therefore, a reddish white ppt. is obtained on the addition of the first few drops 
of FOgCl,, it proves that phosphate of Oa, Ba, Sr, or Mg, was present. In this case Fe^Ol, 
must be added until the solution is red, shewing that the decomposition of Oa &c phosphates 
is complete. The phosphoric acid is thus entirely got rid of, leaving the Ca, Ba, Sr, Mg, as 
chlorides, in which form they can be identified as usual. 

Oxalates and Phosphates of Oa, Sr, Ba, may also be analysed by dissolving in the 
least possible quantity of HOI, adding dilute H^SO^ and about ^ total volume of alcohol. 
After standing some hours the metals are obtained as sulphates and the solution contains 
oxalic and phosphoric acids. 
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EXPLANATION OF TABLE IV. 



Zinc and manganese sulphides dissolve readily in cold dilute hydrochloric acid (forming 
chlorides ZnCl, and MnCl,, with evolution of H,S); whilst nickel and cobalt sulphides are 
only dissolved in traces which do not interfere with the detection of zinc and manganese. 

The residue consisting of NiS and CoS is examined with the borax bead. If only nickel 
is indicated, it is not usually necessary to examine further, but if cobalt is found, the pro- 
cess of separation of nickel and cobalt must be gone through, since the blue given to the 
borax bead by cobalt may completely mask the nickel colour. It is safer however always 
to go through the entire process in either case, especially if small quantities have to be 
looked for. 

In order to separate nickel and cobalt, the sulphides are dissolved in aqua regia^ whereby 
they are convei'ted into chlorides NiCl^ and CoCl,. The solution is nearly neutralized to 
remove the excess of free acid, and potassium cyanide added, which precipitates the single 
cyanides NiCy, and GoCy,. These dissolve in excess of potassium cyanide, forming soluble 
double cyanides NiCy,2KCy, and CoCy,2KCy. 

On boiling the solution in presence of air, the latter reacts with the excess of KGy 
which is present, and oxygen, thus 

2(CoCy,2KCy) + 4KCy + H.O + O = K,Co,Cy„ + 2KH0, 
[or if free acid be present, 

2(CoCy,2KCy) + 2KCy + 2HCy ^- O = K,Co,Cy„ + H,0], 
NiCy,2KCy remaining unaltered. 

KgCOgCy,, is tolerably stable, and is not acted upon by mercuric oxide (or oxycyanide*), 
or by sodium hypochlorite at a gentle heat ; whereas NiCy, . 2KCy is readily decomposed 
by these reagents as follows : 

NiCy. + HgOHgCy, + H.O = Ni(OH). + 2HgCy„ 

Pale green ppt. 

2NiCy, + NaClO + 5H,0 = Ni,(OH). + NaCl + 4HCy. 

Black ppt. 

The solution is examined for cobalt by evaporating to dryness and testing with the 
borax bead [or by neutralizing with dilute HNO, and adding mercurous nitrate, whereby 
white HgjCOgCy,, is precipitated. This on ignition leaves black CO3OJ. 



* It is preferable to use mercuric oxide dissolved in mercorio qyanide (t.e. mercorio ozycyaoide) since 
it can be added as a solution. If mercoric oxide alone be used, the excess of HgO masks the precipitate 
of Ni(OH), . NiCy, which is then produced. 
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EXPLANATION OF TABLE IV. (continued). 

To the solution containing ZnCl, and MnCl,, caustic potash is added. This throws 
down Zn(OH), and Mn(OH), as white precipitates*. Zn(OH), is soluble t in excess of 
cold KHO, forming ZnK^O, (Potassium zincate), Mn(OH), remaining insoluble. [If the 
solution be heated, Zn(OH), will often not redissolve in KHO, especially if dilute.] 

H,S passed into the solution precipitates white zinc sulphide, 

K,ZnO, + 3H,S = ZnS + 2KHS + 2H,0. 
(This precipitate is often discoloured owing to traces of impurity.) 

The precipitate produced by EHO which does not redissolve in excess is examined 

for manganese by fusing with sodium carbonate in presence of air (or some oxidizing 

agent as KNOJ, 

Mn(OH), + Na^CO, + O, = Na.MnO, + H,0 + CO.. 

Blue green mass 



Manganese may also be separated from nickel, cobalt, and zinc, by passing hydrosulphurio 
acid into an dcetic acid solution (containing no other free acid); NiS, CoS, and ZnS, being 
insoluble in acetic acid, are precipitated, whilst Mn remains in solution. 

Nickel may be separated from cobalt by several other methods ; for instance : — 

By means of potassium nitrite and acetic acid in a neutral solution, which precipi- 
tates all the cobalt, after a time, as yellow K^Co,(NO,)j, . 3H,0, nickel remaining 
in solution. 

Or by precipitating the metals as /erricyanides (in presence of ammonium chloride), 
and digesting the precipitate with ammonia. Nickel ferricyanide dissolves, cobalt 
ferricyanide remains. 



* The white Mn(OH)j rapidly turns brown owing to abBozption of oxygen and formation of Mu^O, .H^O. 
t Incompletely in presence of Mn, Ki, Co. 
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TABLE V. 

BaCO,, SrCO,, CaCO,. 

Dissolve the main portion of the ppt. in the least possible quantity of dilute HCl*. 
Test a part of the solution for Ba and Sr by adding CaSO^ and heating. 

{Immediate ppt. ==Ba, 
ppt. after a time^Sr. 

If no ppt, even on standing, test remainder of solution at once for Ca as below t. 

Jf Ba or Sr are present, evaporate remainder of solution to small bulk, add H^SiF^ 
in excess, and an equal volume of alcohol. 

Filter 



Ppt. 

BARIUM. 

Confirm by dissolving another portion of 
the (NH^)gCO, ppt. in acetic acid, and adding 
potassium chromate. 

Yellow ppt. = Ba. 
Dissolve ppt. in HCl and try flame- test. 



Solution 

To a portion add CaSO^, heat, and allow to 
stand. White ppt. after a time STRONTIUM. 

If Strontium is present, add dilute H,SO^ to 
remainder of solution, boil, and allow to stand 
some time. 

Filter 



Ppt. 

Neglect. 



Solution t 

Add NH3 till alkaline (filter if 
necessary), and ammonium oxa- 
late. White ppt 

CALCIUM. 

Dissolve ppt. in HCl and try 
flame-test. 



* In most cases information can be obtained by trying the flame-test with a portion of this solution. 
Ba gives a green flame, Sr crimson, Ca orange-red. 
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EXPLANATION OF TABLE V. 



On dissolving the precipitate of bariam, strontium, and calcium carbonates in hydrochloric 
acid, the chlorides, BaCl,, SrCl,, and CaCl, are obtained, CO, being evolved. DUtUe HOI 
must be used, since barium salts are insoluble in strong mineral acids. 

Calcium sulphate is sufficiently soluble in water to be used as a test for barium and 
strontium, whose sulphates are practically insoluble. Sulphuric acid, or other sulphates, would 
precipitate calcium as well, from a strong solution. 

Barium would answer the special tests about to be applied for strontium and for 
calcium, and, if present, must therefore be removed before these can be looked for. For 
the same reason, strontium must be removed before testing for calcium. 

The barium is separated by means of hydrofluosiUcic acid, which gives a translucent 
precipitate of BaSiF, (more complete in presence of alcohol), strontium and calcium 
remaining in solution. A separate portion of the original precipitate is dissolved in 
acetic acid, and potassium ohromate added, in order to confirm barium, which gives yellow 
BaCrO^, insoluble in acetic acid. 

A portion of the filtrate from the H,SiF, precipitate is tested for strontium with calcium 
sulphate. ' If present, dilute sulphuric acid is added to the remainder. This precipitates all 
the strontium and may precipitate paH of the calcium, as sulphates. Enough calcium is 
always left in solution to be detected by the ammonium oxalate reaction, which gives, 
in neutral or ammoniacal solution, a white precipitate of calcium oxalate (COg),Ca. 



Barium may also be separated from strontium and calcium by means of potasgium 
ekramale^ which, in an acetic acid or dUute neutral solution, precipitates only BaCrO^. 

Also by converting the metals into chlorides^ evaporating to dryness, and digesting with 
absolute alcohoL SrCl, and CaCl, dissolve, BaCl, remains insoluble. 

Strontium may be separated from calcium by converting the metals into sulphates and 

• _ 

digesting with a hot strong solution of ofmmom/wn mdphate. CaSO^ dissolves, SrSO^ remains 
insoluble 

Also by converting the metals into niirates^ evaporating to di')*ndss, and digesting with 
absolute alcoIioL Cek{lfO^\ dissolves, Sr(NOJ, remains insoluble. 



F. 
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TABLE VL 

Solution maj oontom Mg, K, Na, NH^. 

Evaporate to dryness. Heat residue to low redness until fumes eease to be evolved. 

1. Dissolve a portion of residue in water (and a drop of dil. HOI if necessary). 
Test the solution with NH^Cl, NH, and sodium phosphate. Warm, shake, and 
allow to stand. White ppt. (crystalline from dilute solutions or on standing) 
= MAGNESIUM*. 

2. Dissolve the remainder in the least possible quantity of water f. Filter if 
necessary. Test a portion of the solution by stirring on a watch glass with 
PtCl.J. Yellow ppt in lineis = POTASSIUM. 

Examine another portion by the flame-test on a clean platinum wire. 
Strong and persistent yellow colouration = SODIUM. Violet colouration 
POTASSIUM. 

Test a portion of the original substance or solution for ammonium by boiling with 
potash. Fumes of ammonia (recognised by odour and action on red litmus paper) AMMONIUM. 



* A slight floooulent ppt. which does not become oiystaUiiie on staading may be due to Ba, Ca, Al, &c. 
In doubtful cases, therefore, add a mixture of ammonium sulphate, ammonium oxalate and ammonia, boil 
and filter before testing for Mg. 

t If much Mg Ib indicated it should be removed before testing for E and Na. This may be done by 
addmg Ba(OH),, filtering, removing the excess of Ba salt with ammonium carbonate, evaporating, and igniting 
to remove ammonium salts. 

X If iodides are present, PtCl4 will produce a strong red colour. 
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EXPLANATION OF TABLE VL 

Before testing for the remaining metals, it is necessary to remove all ammonium salts 
from the solution; [since FtCl^ gives the same reaction with them as with potassium salts; 
and since the precipitation of magnesium bj sodium phosphate is rendered less sensitive, and 
that by barium hydroxide prevented altogether, by their presence.] This is done by evaporating 
to dryness and igniting the residue, whereby ammonium salts being volatile^ are expelled. 
Too high a temperature must not be used, since sodium and potassium chlorides might then 
be volatilized also. 

A portion of the residue is dissolved in water (and a drop of dilute HCl if necessary, 
since MgOl, leaves a sparingly soluble oxychloride on evaporation of its solution) and tested 
for magnesium with NH^Cl, NH, and Na,HPO^, 

Na,HPO, + NH, + MgCl, = (NH,)MgPO, + 2Naa 

[The NH^Cl prevents the precipitation of Mg(OH), by NH,, owing to the formation of 
a soluble double chloride (MgCl, . 2NH,C1).] 

The remainder of the residue is dissolved in water (filtered if necessary from MgOMgOlJ 
and examined for potassium and sodium; the former by PtCl^ which gives a yellow precipitate 
of KgPtCl^ (more complete in the presence of alcohol), and the latter by the flame-test^ sodium 
compounds giving a strong yellow flame. 

Acid potassium metantimoniate K,0 . K,0 . Sb^O^ . 6 Aq is sometimes employed as a 
test for sodium salts, with which it produces a white precipitate of Na,0 . H,0 . Sb,0^ . 6 Aq. 
The solution to be tested must be neutral, and the reagent freshly prepared. 

The separation of magnesium from alkali metals may be eflected in several ways. In 
the process here recommended it is precipitated as Mg(OH), by means of barium hydroxide; 
the barium being then removed as BaCO,, by adding ammonium carbonate. Mercuric oxide 
may be used instead of barium hydroxide^ and the mercury afterwards got rid of by heating 
to low redness. 

Another method is to precipitate the magnesium by ammonium phosphate, and afterwards 
remove the excess of phosphate by ferric chloride. 

Or the solution (containing the metals as chlorides) may be evaporated to dryness with 
ammonium oxalate and heated, whereby they are converted into carbonates. On digesting 
the residue with water, MgCO, remains insoluble. 
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For explanation of the changes which occur, see next page 
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and also special reactions of the respective Acid Itadicles. 
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EXPLANATION OF PEELIMINARY ACID TABLE. 



The following equations may be taken as typical of the reactions which occur: 

Carbonate Na.CO, + 2Ha = 2NaCl + H,0 + CO.. 

TT ui x fNaClO + HCl = NaCl + HCIO 
Hypochlorite ...|ho10 + HCl = H.O + CI, ' 

Sulphide Na,S + 2H01 = 2NaCl + H.S. 

Sulphite Na,SO, + 2HC1 = 2Naa + H,0 + SO,. 

ThioBulphate . . .Na,S,0, + 2HC1 = 2NaCl + H,0 + SO, + 8. 

Cyanide KCy + HCl = KCl + HCy. 

f KCNO + HCl = HCNO + KCl 

^^"^^ iHCNO+H,0 + HCUNH,Cl + CO,* 

Chlorate 3KaO, + 2H,S0^ = 2KHS0, + KCIO^ + H,0 + 2C10,. 

/KN0, + H,S0,= KH80, + HN0, 
^*^™^ UhNO, (in part) = 2H,0 + 4N0, + 0/ 

Nitrite 2KNO, + 2H,SO, = 2KHSO, + N,0,0) + H,O (in part). 

Acetate CH,COOK + H,SO, - KHSO^ + CH^COOH. 

Oxalate (ooOH " ^-^ = ^^ + CO.. 

Ferrocyanide . . . K^FeC^. + 6H,S0^ + 6H,0 - 2K^0, + FeSO, + 3(NH^),S0, + 6C0. 
Formate HCOOH - H,0 = CO. 

Cyanide 2KCN + 4H,SO^ + 2H,0-2KHSO^+ 2(NHJHSO^ + 2C0 (in part). 

. KI+H,SO,= KHSO, + HI 
(2HI+H,SO, = 2H,0+SO, + I,(inpart)»' 

Bromide Same reaction as iodide, but much HBr escapes undecomposed. 

Bromate ... (KBrO. ^ H.SO, = KHSO, . HBrO. 

UHBrO,-2H,0 = 2Br, + 50,(in part)" 

Hypobromite ...Same reaction as for hypochlorite. 

Fluoride ... (CaF. + H.S0,=.CaS0, + 2HF 

UHF + SiO, =2H,0 + SiP/ 

Silicofluoride ...K.SiF, + H,SO^= K.SO, + SiF^ + 2HF. 

Chloride NaCl + H,SO,«NaHSO, + HCL 

Tartrate 



^. . I-Keactions not definite. 



* If the HI were muoh in exoesa of the H,S04, some H,S might be evolved— 

Sm + H,S04 =s H,8 + 4H,0 + 41.. 
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EXAMINATION FOR ACID RADICLES 
IN THE WET WAY. 



Preparatioii of SolntioiL 



The substance, if solid, must be dissolved if possible in water, since acids are obviously 
inadmissible. [Dilute nitric acid may however be used in special cases, as for some acids 
of Group 3.] 

If insoluble in water^ the most general method is to boil with a strong solution of 
sodium carbonate for some time (or, in case of acids not decomposable by heat, to fuse- 
with solid sodium carbonate and boil residue with water) and filter. In this way the 
acid is usually obtained as a soluble sodium salt^ while the base remains as an insoluble 
carbonate or oxide^ e,g, 

CaF, + Na.CO, = CaCO + 2NaF. 

residue solntion 

If metals are present in solution which would interfere with the tests about to be 
applied (as a rule, all except K, Na or (NH^)), they must be removed before proceeding. 
[The necessity, or otherwise, of removing metals, is roughly indicated by boiling a portion 
of the solution with Na,CO,; if no ppt. is produced, it is tutuaUy safe to proceed. The 
previous examination for metals, however, ia a better guida] This may in most casea 
be done by boiling or fusing with Na^OO, as above. [Phosphates of Al, Ca, Ba, iba 
are very imperfectly decomposed in this way, but they will have been identified during 
the examination for metals.] 

The solution, after boiling or fusing with Na,CO., must be just acidified with dilute 
HNO3 to remove the excess of Na^CO„ and gently heated to expel CO^. 

Hydrosulphurio acid may be used to remove metals of groups 1 and 2, the filtrate being 
afterwards heated to expel excess of H^S. This method is advisable in the cases of mercuric: 
cyanide and tartar-emetic. 

Dilute sulphuric acid and alcohol is sometimes employed in case of Pb, Ba, Sr and Ca. 
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EXAMINATION FOR ACID RADICLES. 



Explanation. 



The method of examination here reoommended depends upon the following principles : 

1. The insolubility of Sulphate and Silicofluoride of Barium in dilute HOL 

These- two aoid radicles are easily distinguished in presence of one another^ 
since silicofluorides heated with concentrated H^SO^ evolve SiF^ and HF, 

BaSiF, + H,SO, = BaSO, -»- SiF^ + 2HP, 

whilst sulphates give a white ppt of SrSO^ with a strontium salt. 

2. The insolubility (or sparing solubility) of the following calcium salts in water. 
Oxalate, Fluoride, Phosphate, Arsenate, Borate, Tartrate, Citrate, (Carbonate). 

Of these, calcium oxalate and fluoride are insoluble, or nearly so, in acetic 
acid, the rest being soluble. 

Calcium oxalate on heating to redness is converted into carbonate, 

Ca(CO,), = CaCO,+ CO, 

and the residue after heating therefore effervesces when treated with a dilute 
acid. Calcium fluoride remains unaltered. 

From the solution of the remaining calcium salts in acetic add, ferric 
chloride precipitates phosphate and arsenate, 

Ca,(PO,), + Fe.d, = 2FeP0, + 3CaCl,. 

Tartrate, citrate, and borate are looked for in separate portions, the two 
former however only if indicated in the preliminary examination. 

3. The insolubility of the following silver salts in dilute nitric acid. Chloride, 
Cyanide, Sulphocyanate, Ferricyanide^ Bromide, Ferrocyanide, Iodide, (Sulphide). 
(If silver nitrate were added in neutral solution, nearly all other acid radicles 
would likewise be precipitated as silver salts.) 

These can be further subdivided into groups owing to their different solubilities 
in ammonia. 

4. Ferric chloride, in dilute acid or neutral solution, precipitates ferrocyanide as 
"Prussian blue" (usually represented alb Fe^(FeCyJJ and gives a blood-red colour 
with sulphocyanate due to ferric sulphocyanate Fe,(CyS)^; whilst ferrous sulphate 
precipitates ferricyanide as "Tumbull's blue" Fe,(Fe,CyjJ. If ferrocyanide is 
present, ferricyanide must be looked for in some other way, such as by adding 
potassium iodide and starch (see Special Separations), (or by the solubility of its 
silver salt in ammonia, but this is not satisfactory, since there is danger of 
reduction to ferrocyanide). 

Having so far divided the acids which are present into groups, special tests or 
separations must be applied as the results obtained dictate. By carefully noting the 
effect of each test applied, and excluding those acid radicles shewn to be absent^ there 
will usually remain but few which require further separation or confirmation. The 
identification of one acid radicle will, moreover, often indicate the presence or absence 
of another. For example, if a hypochlorite is found, a chloride is almost certain to be 
present (since pure hypochlorites are very rare and unstable; so-called hypochlorites being 
usually mixtures of hypochlorite and chloride), whereas sulphite must necessarily be 
absent) if in solution (since sulphite + hypochlorite = sulphate + chloride). 
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REACTIONS OF SOME OF THE MORE COMMON 

ORGANIC BODIES. 



hethtl alcohol. 

Wood Spirit. CH,.OBL 

Colourless, limpid, volatile, inflammable Uqaid. Boils at 66* G. Misoible with water, 
ether, a&d ethyl alcohol. 

Heated with poUusium diohromate and dilute sitlphtme acid in excess, it yields 
formic acid, which may be distilled off and identified as usual, 

{cH,OH*^ = {cOOH + ^'^- 

lodins and eaiistic potaah yields no iodoform. 



ETHYL ALCOHOL. 

AlcohoL Spirits of Wine. (0,HjuH or (qJ'oh' 

Colourless volatile inflammable liquid. Boils at 78^.40. Misoible with water and with ether. 

1. Heated with potassitimn dichramate and dilute sulphuric add, not in excess, it 
yields acetaldehyd^— 

tCH,OH^" \COH*^«^' 
The aldehyde may be distilled off and identified by the usual tests. 

2. A dilute solution of ethyl alcohol gently heated, and a colourless strong solution 
of iodine in caustic potash added, gives gradually a yellow crystalline ppt. of 
iodoform CHI,. Examined under the microscope, this ppt. is seen to consist of 
hexagonal plates or six-rayed stars. [lieben's test.]* 

3. Heated with sodium acetate and strong sulphu/ric add, the characteristic odour 
of ethyl acetate (acetic ether) is produced, 

(C,HJOH + CH, . COOH = CH, . COO(C,HJ + H,0. 



* This reaction is also produced by aldehyde, acetone, ethylidene-laotio acid, do. but not by chlorofonn, 
chloral, methyl or amyl alcohol, acetic or formic acids, glycerin or ether. 
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ETHYL ETHER. 

Ordinary Ether. "Sidphurio" Ether. (C,H.),0. 

Colourless, very mobile liquid. Penetrating odour. Highly volatile, its rapid evaporation 
causing great reduction of temperature. Boils at 35^0. Highly inflammable. Miscible in all 
proportions with alcohol, but only to a limited extent with water. Dissolves various fats^ 
oils, resins, &c. 

By slow oxidation, e, g, with air under certain conditions, it yields aldehyde, acetic 
acid, hydrogen dioxide, kc 

Heated with nitric acid it gives acetic acid, oxalic acid and carbon dioxide. 



ACETALDEHYDE. 

Aldehyde. Ethaldehyde. (qq^j * 

Colourless mobile inflammable liquid. Boils at 20®. 8 C. Characteristic odour. Miscible 
with water, alcohol, and ether. 

1. Solution of silver oxide in ammonia gives a bright mirror of metallic silver 
on warming. (More delicate in presence of ELHO.) 

2. Fehling*8 solution gives, on heating, a red ppt. of Cu,0. 
In these cases the aldehyde is converted into acetic acid, 

CH. ^ rCH. 



ICOH * ^ (COOH ' 



S Heated with caustic potcuh the liquid turns brown, owing to the formation of 
so-called aldehyde-resin. 

4. If dissolved in ether, and ctmmonia gas be passed into the liquid, white crystals of 

CH. 
"ammonia-aldehyde" L„/NH* are obtaiuud. 

5. A solution of a rosanUine salt, which has been bleached by sulphur dioxide^ 
gives a violet or pink colour. 
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CHLORAL. 

Trichlor-acetalddhyde. | qq j^ . 

Colourless mobile liquid. Boils at 97*. 2 0. Combines readily with water, forming 
crystalline chloral hydrate, 

ICOH • ^'^ **' \OH(OH)/ 

1. Cauatie potath (aqueous solution) converts it into chloroform and potass i u m formate, 

These products may be identified as usual 

2. Silver axide^ FMing^a solution^ and aanmoma-gaSf behave as with acetaldehyde. 



GHLOROFORm 

Trichlorometliane. CHCl,. 

Colourless limpid volatile liquid Boils at 61^2 C. Soluble in alcohol and in ether ; 
nearly insoluble in water. 

1. Heated with an alcoholic solution of caustio potcuh^ it gives potassium formate 
and potassium chloride, 

CHOI, + 4KH0 = (qqq^ + 3KC1 + 2H,0. 

These products may be identified as usual 

2. Heated with a primary amine {e,g, aniline) and an alcoholic solution of caustic 
potash, the characteristic odour of carbamines is produced, 

CHOI, + (C^HJNH, + 3KH0 = (C^JNC + 3K:01 + 3H,0. 
aniline Phenyl oarbamine 

3. Fehli/ng^B solution is readily reduced on heating, red Cu,0 being precipitated, 

CHCl, + 2CuO + 5KH0 = Cu.O + K,CO, + 3KC1 + 3H,0, 
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OLTGERIN. 

jCH.OH 
(C,H.)"'(OH), OP icHOH. 

(CH,OH 

Colourless viscid liquid. Sweet taste. Miscible with water and with alcohol. 

1. Heated with dehydrating agents {e.g. KHSO4 or concentrated H,SO^), character- 
istic irritating odour of acrolein is obtained, 

0,H,(OH), - 2H,0 = C,H, . COH. 

2. A horaM head immersed for a few minutes in a solution of glycerin (made 
slightly alkaline with KHO) and held in a Bunsen flame, gives a green colour to 
the flame. 



FATS. 

E.g. Tri-Btearin (Mutton fat) (^") • (C.H.)'". 

Soluble in ether, and in carbon disulphide. Practically insoluble in water. 

1. Heated with caustie soda or potash* ^ a soap is produced and glycerin separates, 

2. And with lead oxide, insoluble lead stearate and glycerin are produced, 

2 (co^-), C.H. + 3PbO + 3H,0 = 3 Q^") Pb + 2C,H.(0H).. 

3. Heated alone they decompose, evolving acrolein C^H^.COH, and other oflensive 
vapours. 



Best in alooholio solution* 
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SOAPS. 

Kg, Sodium Stearate. {cooNa* 

Soluble in pare water; reprecipitated by a strong solution of sodium chloride. Soluble 
in alcohol. Aqueous solution '* lathers" when shaken. 

1. From alcoholic or aqueous solution, calcium or magneiium salts (e.g. hard wator) 
precipitate white calcium or magnesium stearates^ 

2. Dilute hydrochloric acid gives a white ppt of stearic acid, 

COONa ^ ^^^ ~ tcOOH ^ ^''^^• 



GABBOHTDRATES. 

L Saccliarons. (C„H„0,^.) 

Came Sugar. Saccharon (Sucrose). C,,H^0„. 

Soluble in water. Insoluble in cold absolute alcohol 
Dextrorotatory. 

1. Does not directly reduce Fehling*s solution*. 

2. Boiled with dilute acids (H,SO^ or HCl) it takes up the elements of water, 
forming a mixture of dextrose and IsBvulose (*' inverted sugar"), 

C,.H„0„ + H.0 - C.H„0. + C,H„0.. 

3. In contact with yeast it passes firat into a mixture of dextrose and IsBvulose, 
which then undergo alcoholic fermentation. 

4. Concentrated sulphwric curid, added to a strong warm solution, causes it to blacken 
and swell up, owing to the separation of carbonaceous matter, CO, SO,, HCOOH, 
&o, being evolved. 



* "Fehling's solution" Is made from a cuprio salt, an alkaline tartrate, and canstio alkali. The 
action of glnooees upon it, ia virtually the reduction of GuO to Cu,0, the glucose becoming oxidized to 
acetic, formic, tartronio, dto. acids, and other bodies. The exact nature of the change is not known. 

F. 11 



82 REACTIONS OF SOME OF THK 

CARBOHYDRATES (conHnued). 

MOk Sugar. Lacton. C„H„0„. 

Less soluble in water than cane sugar. Insoluble in absolute alcohol 
Dextrorotatory. 

1. Readily reduces FMvn^9 soltUion on heating, red Cu,0 being precipitated. 

2. Boiled with dilute cicids, it takes up the elements of water, forming a mixture 
of galactose (C,Hj,0,), and another glucose (C,Hj,0,), which is probably identical 
with sucrodextrose. 

3. Not directly fermentable by yeast 

4. ConeerUrated ndphurio acid chars it, but less readily than cane sugar. 

Starch Sugar. Malton (Maltose) Amylon. 0,,H^Ojj. 
Soluble in water and in alcohol. 
Dextrorotatory. Diffusible. 

1. Reduces FMin^s solution on heating, red Cu,0 being precipitated 

2. Boiled with dilute €icid$, it is slowly converted into a mixture of two dextro- 
glucoses Ofi^fi^.* 

3. In contact with yeati it is first converted (probably) into dextroglucoses, which 
then undergo alcoholic fermentation. 



H Glucoses. (0,H„0..) 

Dextrose. Sucrodextrose. Grape sugar. C^Hj^O,. 
Soluble in water and in alcohol 
Dextrorotatory. 
Less sweet than cane sugar. 

1. Reduces Fehlin^s solution at once on heating, red Cu,0 being precipitated. 

2. A warm solution in contact with yeast readUy undergoes alcoholic fermentation, 

O.H,,O. = 2(O,H.)OH + 20O,. 

3. ConcentrcUed sulphuric acid does not blacken it. 

4. Heated with strong solution of caustic potash it turns brown. 

5. Not affected by boiling with dilute H,SO^. 

IiSBYulose. SucrolsBvulose. C,Hj,0,. 

Resembles dextrose in the above properties, but is ksvorotatory, sweeter, and 
more soluble in alcohol. 

Galactose. Lactose. C.H„0,. 

A dextrorotatory glucose, closely resembling dextrose, but having a higher rotatoiy 
power, and non-fermentable by yeast. 



* Or perhaps entirely into ordinary saorodextroBe. Diastase is said to have no action on amylon. 
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OABBOHTDRATES (eatumued). 

in. Garboliydrates of the coinposition {Cfi^fiX* 
Starch. (C.H,,0.).. 

Insoluble in cold water. Heated with water it forms a mucilage or paste, and 
on boiling with much water, a kind of solution which contains "soluble starch". 
Dextrorotatory. Colloid. 

1. Iodine colours starch paste, or solution, blue. The colour is temporarily destroyed 
by heating. 

2. Solid starch when heated to about 150^0. is converted into <' British gum" 
(impure dextrin) which is soluble in cold water, and is not coloured blue by 
iodina 

3. By the action of many unorganized /ermenU (such as ptyalin, diastase, dba) or 
by heating with dilute aeids^ starch takes up the elements of water, forming a 
mixture of dextrin (C,H,^OJ, and amylon G^JS.J0^^. These bodies afterwards 
undergo further hydration, giving dextroglucoses. (See Amylon and Dextrin.) 

DertriJL Amylin. (O.H,,0,).. 

Easily soluble in cold water. Insoluble in alcohoL 

Dextrorotatory. Colloid. 

Solution is not coloured blue by iodine*. 

In contact with many unorganized ferments (or dilute acids), it is converted 

into amylon Cj,H,Pjj, 

2(C^.oOJ. + nH,0-nC„H„0„. 

ImiliiL (CAoO.).. 

Resembles starch, but is completely eokMe in warm water, the solution is 

loBVoroiatOTy^ and is not coloured blue by iodine. 

In contact with dilute acide it gives a laevorotatory glucose resembling sucro- 

Isevulose. 

Glycogen. (OeH,,o,\. 

Readily soluble in warm water, forming an opalescent solution. Insoluble in 

alcohol. 

Dextrorotatory. 

Iodine colours it reddish-brown. The colour is temporarily destroyed by heating. 

By dilute acidsy and by many unorganized ferments, it is converted iirst into 

a kind of dextrin (according to some, into a mixture of amylin and amylon) 

and then into a dextrorotatory glucose C^Hj^O,, perhaps identical with sucro- 

dextrosa 

Cellnlose. (C;h,,oj.. 

Insoluble in water or alcohol. Soluble in a solution of ouprammonic hydroxide 
(prepared by dissolving cupric hydroxide in ammonia), from which it is repre- 
cipitated by HCl or CO^ 

Iodine alone does not colour cellulose blue, but it does so in presence of con- 
centrated sulphuric acid, or of zinc chloride. 



* There are probably several varietieB of dextrin. So-oalled erythro-dextrin gives a reddish-brown colour 
with iodine, which permanently disappears on heating. 

11—2 
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LACTIC ACIDS. 

Formeiltfttioil Lactic AcicL {IfMcHve a Hydroxypropionic or Ethylidene Lactic I ^-g- qu- 

Acid.) I I 

Colourless syrupy liquid. Very soluble in water, alcohol, or ether. 

1. Heated with diltUe tulphttrie add, it yields acetaldehyde and formic add, 

CH, 

I CH, H 

CH.OH- I + I 

I COH COOH* 

COOH 

2. Gentle oacidizing agents {e,g. manganese dioxide and dilute sulphuric acid) convert it 
into acetaldehyde and carbon dioxide. More powerful oxidizing agents yield acetic 
acid and carbon dioxide. 

3. Heated with concentrated sulphuric acid, carbon monoxide is evolved. 



SarcolactlC Add* {Active a Hydroxypropionic or Ethylidene Lactic Acid.) i CH . OH. 



I 
COOH 



Identical with fermentation lactic acid in the above properties, but is distinguished 
by being optically active (feebly dextrorotatory). There is a difference also in the 
character of the zinc salts. 



(CH, . OH 
CH, 
COOH 

Differs from the above in that, when treated with oxidizing agents (chromic or 
nitric acids), it yields oxalic acid and carbon dioxide-^ 

CH,.OH CO. OH 

I ■ +50-1 +C0. + 2H.0: 

CH,.COOH CO. OH 

and when heated alone, or with dilute sulphuric acid, it splits up into acrylic acid 
and water — 

CH,.OH CH. 

I = M +H.0. 

CH, . COOH CH . COOH 
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UREA. 



„« ^NH» 

ide(?) OOC;^^ or C = NH. 



Frismatio crystals. Easilj soluble in water and in alcohol 

1. Strong nibic add throws down, from concentrated solutions, crystals of urea 
nitrate CO(NH,), . HNO,. Under the microscope these are seen to consist of 
rhombic or six-sided tables. 

2. Heated aiane to about 150® 0. ammonia is evolved and biuret formed — 

/NH 00 /NH. 
200^^^*= >NH +NH.. 

On dissolving biuret in water, adding excess of caustic potash and a drop of copper 
nUphcUe^ a red-violet colour is produced. 

3. A neutral solution heated to about 40° 0. with a trace of urine-ferment, turns 
alkaline after a few minutes, owing to formation of ammonium carbonate^ 

CO''^^+2HO-CO/^^^* 

4. Sodium hypobromite, in presence of caustic soda*, causes a rapid evolution of 
nitrogen — 

CO(NH,), + SNaBrO + 2NaOH = 3NaBr + Na,00, + 3H,0 + N,. 

(Sodium hypochlorite only evolves half the nitrogen in the cold — 
2C0(NHJ, + 3NaC10 + 2NaOH = 2NaONO + 3Naa + 5H,0 + N,.) 

5. Nitrous acid (or a nitrite + dilute acid) evolves nitrogen and carbon dioxide 
(complete on heating), 

CO(NH,), + 2HN0, = CO, + 3H,0 + 2N,. 

6. Mercuric nitrate (in absence of chlorides), white ppt. of 

00(NHJ, . 2HgO, or 200(Na,),. 3HgO. Hg(NOJ„ according to conditions. 



Prepared by gradually adding bromine to strong oauBtio soda eolation, and keeping the miztnre cool. 
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UBIG ACID. 

H.(O.H,N,OJ. 

White crystalline powder. Almost insoluble in water. Soluble in caustic potash, forming 
potassium urate, Kg(C^H,N^O,), from which hydrochloric acid reprecipitates uric acid. 

Evaporated just to dryness with dilute nUrie acid^ a yellow or pinkish residue is 
left, which when moistened with ammonia gives a crimson colour, due (in part) 
to "murexide" or ammonium purpurate, NH^ . (O^H^N^O J. This colour is changed 
to a purple by caustic potash. 

Heated alone^ it blackens, and evolves, amongst other bodies, hydrocyanic acid, 
carbon dioxide and ammonia, which may be recognized by their odour, <&c. 

8TBYCHNINE. 

Strychnia. C,,HJ!T,0,. 

Prismatic crystals or white powder. Very slightly soluble in water, the solution having 
ft bitter taste. Sparingly soluble in alcohol and ether. Soluble in chloroform. Soluble in 
most acids, forming salts. 

Dissolved in concentrated mdphwric acid and a fragment of manganese dioxide* 
added, a purple colour is obtained, which rapidly changes to crimson, and after- 
wards to pink or orange. 

[Curarine gives an exactly similar reaction, but it is almost insoluble in chloroform.] 
CavsHc potash (ammonia^ potassium, carbonate, &o,) throws down a white ppt. 
of strychnine from solutions of its salts (if not too dilute) which is insoluble 
in excess, and soon becomes crystalline. 

QUININE. 

Qninia. Ojijifi,. 

White powder or crystals. Very sparingly soluble in water. Easily soluble in alcohol 
and in chloroform; less so in ether. Soluble in most acids, forming salts. 

1. Dissolved in dilute svlphwric acid, the solution exhibits well marked blue fluorescenca 

2. A nearly neutral solution mixed with c/Uorine or bromine water, and then with 
ammonia in excess, gives a bright green colouration or precipitate. 

3. Treated first with chlorine or bromine water, then with a few drops of potassium 
/erro- or /erri- eyamide, and lastly with ammonia not in excess, a red colouration 
is produced, destroyed by excess of ammonia. 

4. Caustic potash gives, in solutions of quinine salts, in white ppt. of hydrated 
quinine, insoluble in excess. 



* Potassium bichromate or permanganate^ lead dioxide, &o. answer the same purpose. 
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MORPHINE. 

Morphia. c„H,;^o, . H,o. 

White powder or small prisms. Almost insoluble in cold water; verj sparingly soluble 
in boiling water, ether, cold alcohol, and chloroform. Dissolves easily in hot alcohol; ako 
in dilute acids, forming salts. 

1. Neutral ferric chloride gives with dry morphine (or a neutral solution) a deep 
inky blue colour, changed to green by excess of ferric chloride. 

2. Iodic acid gives, in neutral morphine solutions, a brown colour, due in part to 
the liberation of iodine, which may be detected by a starch test The brown 
colour is deepened by ammonia. 

3. Strong nUrio acid in excess, gives a deep orange colour. (Unchanged by stannous 
chloride.) 

4. Heated to lOO^C. with concentrated siUphtiric acid^ and a crystal of pure potaaeium 
pcrchlorcUe added, a brown colour is produced. 

5. From strong solutions of morphine salts, caustic potash (one drop) gives, on stirring, 
a white ppt. of hydrated morphine, easily soluble in excess. 



BBUOINE. 

Brucia. C„H„N,0,. 

White powder, or crystalline needles or prisms. Slightly soluble in water. Easily soluble 
in alcohol and in chloroform. Soluble in most adds, forming salts. 

1. Strong nitric acid gives with solid brucine (or a solution to which strong sulphuric 
add* has been added) a scarlet colouration changing to orange and yellow. 
Stannous chloride changes the colour to purple or violet, if suffident brucine is 
present. 

2. Merctmms nUrate added to a neutral solution, and the mixture heated to 100** 
gives a crimson colour. 

3. Caustic potash precipitates brucine from solutions of its salts, insoluble in excess. 



* Strong Bulphnrio aoid itself giyes a transient rose colour with bradne. 
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BENZENE. 

BensoL 0.H,. 

Colourless very limpid liqaid. Characteristic odour. Gives off highly inflammable vapour 
when heated. Boils at 80^*5 C. Miscible with alcohol, ether, and chloroform, but not 
appreciably with water. 

Agitated for a few minutes with the strongest nUric <icid (not allowing the 
temperature to rise too high), nitrobenzene C^^NO, is formed, which separates 
in oily drops on pouring the liquid into much water, and has characteristic 
odour of bitter almonds. On digesting nitrobenzene with a hydrogenizing agent^ 
e.g. zinc and hydrochloric acid, aniline is obtained, 

0^.NO, + 3H, - O.H.NH, + 2H,0, 

which may be detected as usual 



PHENOL. 

Carbolic Add. Phenic Acid. C.H..OH. 

Colourless deliquescent crystals. Characteristic odour. Sparingly soluble in water; solu- 
tion does not redden litmus. Easily soluble in alcohol, ether, chloroform, or alkalies. 

Aqueous solutions of phenol give with 

1. Bromine uxUer^ white or yellowish ppt. of tribromophenol C,H,Br, . OH, even in 
very dilute solutions (1 in 60,000). This ppt. if washed, digested with sodium 
amalgam and water, and then acidified with HCl, is reconverted into phenol, 
which may be recognized by its odour. 

2. Gently heated with ammoniay and a drop of sodium hypochlorite added, a deep 
blue colour (green in dilute solutions) is produced, changed to red by acids. 

3. Ferric chloride gives a violet colouration; (not so sensitive as with salicylic acid 
—1 in 3000). 

4. Phenol added to a mixture of potassium nitrite and strong sulphuric acidf gives 
a brown colour changing to green and finally to blue. 
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ANILINE. 

Phenylamine. C,H^NH,. 

Oily liquid, colourless when pure. Boils at 183^*7 C. Slightly soluble in water. Easily 
soluble in alcohol, ether, and chloroform. 

Solutions of amline or its salts give with bleaching powder solution, not in excess, 
a violet or purple colouration, soon changing to brown. 

Heated with chloroform and alcoholic solution of ccvustic potash^ characteristic 
odour of phenyl carbamine C^H^NC is evolved. (See Chloroform.) 

Treated with sulphuric cusid and a fragment of mcmganew dioxide (or potassium 
bichromate) added, a blue colouration is obtained, changing to black after a time. 

Heated with potassium nitrite and dilute H,SO^, phenol is formed, which may be 
recognized by its odour, (be. 

C,H,NH, + HNO, = C.H^OH + H^ + N,. 



SALICYLIC ACID. 

OTT 

Orthoxybenzoic Acid. ^Axqooh* 

White granular powder or prismatic crystals. Nearly insoluble in cold water. Soluble ia 
hot water, alcohol, ether, or alkalies. 

1. Heated with lime, it yields phenol, which may be recognized by its odour, tbc 

^A < coOH + ^^ = ^'^'^^ -^ ^^^•- 

2. Ferric chloride gives a fine violet colour even in very dilute solutions (1 in 100,000). 
The colour is destroyed by acids or alkalies. 

3. Bromine water gives a white ppt. similar to that produced by phenol, and which 
behaves similarly with sodium amalgam; but the reaction is far less delicate. 

F. 12 
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BENZOIC Ai 



HII 



lOOOH • 

White feathery crystals. Characteristic odour especially on heating. Sparingly soluble 
in 'cold water. (The solubility is much increased by the presence of sodium phosphate.) 
Easily soluble in boiling water, alcohol, ether^ and chloroform. Hydrochloric acid precipitates 
benzoic acid from strong solutions of its salts. 

1. Heated with Ume^ benzene is evolved, which may be distilled off and identified 
as usual, 

C.H. . COOH + CaO = C,H, -^ CaCO,. 

2. Heated alone to about 120^ C. it melts, and afterwards sublimes, giving an 
irritating vapour which readily condenses to white crystals. 

3. Neutral /erric chloride gives, in neutral solution, a reddish-white ppt. of basic 
ferric benzoate Fe,(C,H3C0,), . Fe.O,. 

4. Ammoniacal barium chloride, in presence of alcohol, no precipitate. 



HIPPUBIG ACID. 

Benzamidacetic Add, {cooH C,H,NO,. 

Shining prismatic crystals. Nearly insoluble in cold water, ether, and chloroform. Readily 
soluble in boiling water, and in alcohol. 

1. Boiled for some time with strong hydrochloric acidf it takes up the elements of 
water, forming amidacetic acid (glycocol) and benzoic acid — 

r CH.NH(O.H. -CO) /OH,NH, rO.H. 

ICOOH • •" ICOOH ICOOH ' 

The latter is mostly given off in vapour; and the former may be identified by 
adding to the solution an excess of ccmaAic potash and a drop of copper eulphate, 
when a deep blue solution is obtained, which is unaltered by boiling. 

2. Healed alone, it melts, and evolves aromatic odours, due to benzonitrile C^H^ . ON, 
benzoic acid, «bc. Heated with lime it evolves benzene. 
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SUGCINIG ACID. 

/CH,OOOH 
tcH,COOH* 

Colourless crystals, easily soluble in water, alcohol, or ether; insoluble in chloroform. Is 
not precipitated from solutions of its salts by hydrochloric add. 

Heated alanej it gives off a suffocating yapour, easily condensing to crystals. 
Strongly heated in air it bums with a blue flame. 

Atnmoniaeal barium chloride gives, in presence of alcohol, a white ppt of barium 

Neatrad ferric chloride gives, in neutral solutions, a brownish-red ppt. of basic 

(CH 00 \ 
PTt'oo*) • ^^fi'' (T^ PP*' ^^on boiled with ammonia, gives 

ammonium succinate, which may be identified by the BaCl, test as above.) 



PBOTEIDS. 

Approximate composition, 0„Hj,,Nj,0„S. 

General characters: 

Amorphous. Solutions Invorotatory. 

Diffuse with very great difficulty (except peptones, which are highly diffusible). 

General tests: 

1. MUUnCs reagent* gives a precipitate which turns red on heating. The liquid also 
turns red. With minute quantities a red solution only is produced. 

2. Strong nitric acid produces a yellow colour, changed to orange by ammonia. 

3. Heated with caustic potash and a few drops of cuprio sidphaU a violet solution is 
obtained. (Peptones give a red colour, if very little copper salt be added.) 



* Prepared by duasolving meroozy in an equal weight of etroDg nitric aoid at a gentle heat, diluting with 
twice its bulk of water, and allowing it to settle. 



92 REACTIONS OF SOME OF THE MORE COMMON ORGANIC BODIES. 

PEOTEIDS {continued). 

Egg-AlbnmiiL 

Soluble in water. 

Silver nitrcUej mercu/ric chloride, and lead acetate^ precipitate it from its solution. 

Strong alcohol first precipitates, afterwards coagulates it. 

Strong acids, especiallj nitric, coagulate it. 

Heated to about 70^ C. it is coagulated. If however a dilute acid or an alkali be 
first added, no coagulation occurs on heating, and the solutions contain * 'acid- 
albumin" and ^'alkali-albumin" respectively, which are precipitated on neutralizing 
the liquid. 

Egg-albumin differs from serum-albumin in some respects, e.g, in being coagulated 
by ether, and in its coagulated form being nearly insoluble in strong nitric acid. 



Casein. 



Fibrin 



Insoluble in water, and in neutral saline solutions. 

Soluble in dilute acids and in alkalies, reprecipitated on neutralization. If an 
alkcUine phosphate be present, however, it is not reprecipitated on neutralizing its. 
alkaline solution. 

Casein very closely resembles alkali albumin in properties; according to some 
authors it is identical with potassium albuminate. 



Has a filamentous structure, and possesses great elasticity. 

Insoluble in water. Very sparingly soluble, and with change, in dilute alkalies, 
and in strong neutral solutions of sodium chloride, potassium nitrate, &.c. 

Fibrin has the property of readily decomposing hydrogen dioxide, oxygen being 
evolved. If fibrin be treated with Hncture of gttaiacu/m, and hi/drogin dioxide- 
added, a blue colour is obtained. 



OELATIN or OLUTIN. 

Amorphous. Percentage composition differs but slightly from that of the proteids. 
Easily soluble in water on heating, gelatinises on cooling. Aqueous solution ia lievorotatory, 
and is not diffusible. 

Tannic add throws down a yellowish precipitate, even from very dilute solutions. 
Mercuric chloride also precipitates it 



CAMBUIDGE I PUINTED DY J. A C. F, CLAY, AT THE UNIVERSITY PBEB8. 






^ 



